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Present-day Mode I AUTODIN tributaries utilize large-
scale computers such as the IBM 360 series, Burroughs 3500
series, and the Univac DCT 9000. The feasibility of using
microcomputers (such as the Intel 8080) for such applica-
tions was investigated. It was demonstrated that micro-
computers can function as Mode I AUTODIN tributaries at
speeds greater than 2400 baud. This fact could result in
the replacement of expensive leased equipment with subse-
quent cost savings and expanded use of AUTODIN in tactical
and mobile situations. In addition, new methods of
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The purpose of this thesis was to investigate the
feasibility of using microcomputers (such as the Intel 8080)
as Mode I block-by-block AUTODIN tributaries. Before em-
barking on the feasibility study, the AUTODIN was studied
carefully to ensure that the problem was completely under-
stood. Chapter II examines this background information,
giving an overview and a functional description of the
AUTODIN. In addition, the reasons for investigating micro-
computers as potential AUTODIN tributary stations are
explored.
Difficulty was encountered in understanding all ramifi-
cations of the AUTODIN protocol. As a consequence, the
protocol was described in terms of a receive machine and a
transmit machine, which are described in Chapter III. A
step-by-step description of the software design of an
AUTODIN test program is given in Chapter IV. Careful
definition of the problem, understanding the hardware
environment, and using the top-down, modular approach are
the points emphasized.




Chapter V describes the results of feasibility testing
where the correctness of the AUTODIN test program was veri-
fied and timing tests demonstrated that the 8080 CPU could
function as an AUTODIN tributary at modulation rates exceed-
ing 2400 baud. Finally, Chapter VI summarizes the




The Defense Communications System (DCS) consists of
three major subsystems: the Automatic Voice Network
(AUTOVON) , the Automatic Secure Voice Communications Net-
work (AUTOSEVOCOM) , and the Automatic Digital Network
(AUTODIN) . The first two subsystems provide nonsecure and
secure voice communications, while the third subsystem,
AUTODIN, provides a secure record communication capability.
This thesis is concerned with the AUTODIN.
A. AUTODIN OVERVIEW
The AUTODIN functions as a single, integrated, worldwide,
high-speed, computer-controlled, general purpose communica-
tions network which provides record communications service
to the Department of Defense (DOD) and other Federal Govern-
ment Agencies, such as the Department of State. In addition
to providing record communications service via various media
(such as printed page, magnetic tape, Hollerith cards, etc.),
the AUTODIN is also secure and fully automatic. It was
designed, engineered, and programmed to provide responsive
and continuous operation, minimal loss of service, and no
loss of message traffic.
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The AUTODIN is a network which consists of 17 Automatic
Switching Centers (ASC's) and numerous tributary stations.
Of the 17 ASC's, nine are leased and are located in the
continental United States and Hawaii. The remaining eight
ASC's are government owned and are located in Europe, the
Pacific, and Alaska. Each ASC may have up to 300 tributary
stations connected to it. This network of ASC's and tribu-
tary stations is able to provide responsive communications
by use of a system of four message precedence levels: flash,
immediate, priority, and routine. By requiring users of
the AUTODIN to curtail their use of the higher precedence
levels, and by programming the AUTODIN to handle all message
traffic on a precedence basis, it is possible for flash
precedence level messages to be switched and transmitted
around the world in a matter of a few minutes. This capa-
bility for rapid communications greatly enhances the effec-
tiveness of the defense establishment of the United States.
A flash level message interrupts all messages of pre-
cedence level immediate or less. Precedence level immediate
messages are processed before priority or below level
messages; however, the lower precedence level messages are
not interrupted. Similarly, priority level messages are
processed before routine level messages (without interrup-
tion of the routine level messages) . By proper selection
15

of precedence levels, users of the AUTODIN can control the
speed at which their messages are propagated through the
system, with a lower limit of one to three minutes for
flash messages and an upper limit of one to two hours for
routine messages.
In addition to the variability of speed of transmission
provided by the precedence system, there are two other prop-
erties of the AUTODIN which greatly enhance its usefulness.
First, there is the capability for multiple addressing.
The originator of an AUTODIN message may specify that the
message go to one, two or hundreds of addressees. This can
be accomplished in two ways: by enumerating the addressees,
or (if the addressees are grouped together often) by use of
collective addresses. The second additional property of
the AUTODIN which enhances its usefulness is the ability to
use various media for record communications. For example,
the originator of a lengthy supply message might transmit
the message from magnetic tape and the message could be
received as cards on a card punch at the receiving communi-
cation center. Conversely, a small communication center
without a card capability could transmit logistical data
from paper tape and have it punched as cards at the receiv-
ing communication center, thus eliminating the need for
keypunching the data at the logistical center.
16

With such properties as variable speed of transmission,
selectable media input and output, and multiple addressing,
the AUTODIN has provided flexible, responsive, and reliable
record communications for over a decade. In order to under-
stand it more fully, it is necessary to examine it on a more
technical and detailed level.
B. FUNCTIONAL DESCRIPTION OF AUTODIN
The AUTODIN is a digital network consisting of ASC '
s
and tributary stations with interconnecting communications
channels. Both synchronous and asynchronous operation are
employed within the AUTODIN; however, asynchronous operation
is permitted only on tributary channels , whereas synchronous
operation is permitted on both interswitch trunks and tribu-
tary channels. For synchronous operation, the AUTODIN will
process information at modulation rates of 75, 150, 300,
600, 1200, 2400, and 4800 baud. For asynchronous operation,
modulation rates of 75, 150, and 300 baud are permitted.
All synchronous AUTODIN communications channels use the
American Standard Code for Information Interchange (ASCII)
.
The basic unit for information transfer in AUTODIN is the
line block, several of which are shown in Figure 1.
1. Modes of Operation
There are five modes of operation within the AUTODIN.
These are Mode I, which is duplex, synchronous operation with
17

automatic error and channel controls which allow independent
and simultaneous two-way operation; Mode II, which is duplex,
asynchronous operation allowing simultaneous two-way opera-
tion without automatic error and channel controls; Mode III,
which is duplex, synchronous operation with automatic error
and channel controls (but with one-way information transfer
and the return direction used solely for error control and
channel coordination responses) ; Mode IV, which is a uni-
directional synchronous operation which can send only or
receive only and does not have automatic error control; and
Mode V, which permits duplex asynchronous operation and
allows simultaneous and independent two-way transmission
but which performs only limited channel coordination and
display functions.
From the above descriptions , it should be evident
that Mode I AUTODIN is the most efficient and hence most
desirable type of AUTODIN. All of the asynchronous modes
are limited to modulation rates of 300 baud or less. Thus,
for medium or high speed data transfer rates, the synchronous
modes (Mode I or Mode III) must be used. Mode III contains
an inherent disadvantage in that information transfer (or
message transmission) is limited to one direction at a time.
Thus, only Mode I AUTODIN offers both high-speed operation
and simultaneous and independent two-way transmission of
18

information. This thesis deals solely with Mode I block-
by-block operation. All subsequent discussion of AUTODIN
assumes Mode I block-by-block operation. The difference
between block-by-block and continuous operation will be
discussed in Section II. B. 5 of this thesis.
2. Synchronous Idle Pattern
In Mode I AUTODIN operation, whenever information
is not being transmitted, synchronous idle pattern must be
transmitted at the designated modulation rate. Synchronous
idle pattern is an even parity character which is equal to
the number 96 hexadecimal (or 10010110 binary) . Since
synchronous idle is transmitted whenever information is
not being sent, the receive side of the AUTODIN logic uses
synchronous idle pattern to determine whether or not it is
in synchronization. At initialization, the Mode I AUTODIN
receiver attempts to detect the synchronous idle character
(SYN) . After the first SYN is detected, the next three
characters are checked for the SYN pattern. If the following
three characters are SYN, then the receiver considers itself
to be in character frame (or synchronized) ; otherwise, it
repeats the above process, repeatedly attempting to achieve
character frame. An AUTODIN transmitter may transmit infor-
mation only if its receiver is in character frame. Likewise,
19

an AUTODIN receiver may process incoming information only if
it is in character frame.
3. Line Block Format
The basic unit for information transfer in AUTODIN
is the line block. It may be thought of as a package of
information. A typical sequence of events for an ASC trans-
mitting to a tributary station under Mode I operation might
be as follows: The ASC sends synchronous idle pattern to
the tributary station. The tributary receiver recognizes
the synchronous idle pattern and considers itself in char-
acter frame. Since Mode I AUTODIN is duplex, the same
process takes place (simultaneously and independently) in
the opposite direction: the tributary transmitter achieves
synchronization with the ASC receiver. Once synchronization
has been achieved, it is possible to transmit information in
the form of line blocks or "packages" of information. If,
for instance, the ASC were transmitting to the tributary,
the ASC would send the first line block. If the tributary
station received the line block without error, it would reply
with an acknowledgement, and the ASC would be free to send
a subsequent line block. However, if any error were present
in the line block, the tributary would reply with a negative
acknowledgement (NAK) , and the ASC would retransmit the
first line block. In this manner, information is transmitted
20

in either direction or both directions with channel control
and error detection. It should be kept in mind that in
Mode I AUTODIN, simultaneous and independent information
transfer can occur in both directions. In order to under-
stand more fully the AUTODIN communications protocol, it is
necessary to examine the line block structure and associated
control characters in detail.
Consider an AUTODIN message which contains 277 text
characters or bytes of information. It would be transmitted
as four line blocks, the first three of which would contain
80 bytes of information while the fourth would contain 37
bytes of information. Figure 1 shows the line block
structure of such a message.
The first character of the first line block of every
AUTODIN message is the Start of Heading (SOH) framing char-
acter. It is an even parity character which signals the
beginning of a new message, and it is always followed by
the Select (SEL) framing character. This sequence cannot
be split by any other character. The SEL character is an
even parity framing character which is always the second
framing character of the first line block of every AUTODIN
message. Unlike the SOH framing character which is always
the same, the SEL character may be one of several alphabetic
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various Language Media Format (LMF) indicators but are
coded by a different set of characters, according to refer-
ence 10. The LMF characters, which appear in the message
as it enters and leaves the system, correspond one for one
with the SEL characters, which appear in the first line block
of the message while it is inside the network. The trans-
lation from LMF character to SEL character and back must
be accomplished by the network interfaces (tributaries).
For example, if an AUTODIN message were narrative in nature,
and the originator desired that the addressee of the message
receive a printed page version of the message, then the
originator would use the LMF indicators "TT." The second
"T" would indicate that output on a line printer (or similar
device) was desired. This "T" would be translated into the
SEL character "H" by the transmitter. Thus, the receiver
at an AUTODIN tributary station which received an SOH
followed immediately by an even parity "H" would interpret
this to mean that the incoming message was to be printed
on the line printer. The purpose, therefore, of the SEL
character is simply to select the output device at the
receiving tributary station. An LMF "C" (meaning card out-
put) would be translated into a "D" SEL character which
would cause output on a card punch at the receiving tributary.
Reference 2 contains a complete list of SEL and LMF characters
23

Following the SOH and SEL framing characters are
the first 80 text characters of the AUTODIN message. These
characters are transmitted with odd parity. That is, the
first seven bits correspond to the American Standard Code
for Information Interchange (ASCII) and the eighth bit is
either a one or zero such that the total number of ones in
the eight-bit byte are odd. The next-to-last character in
the first line block of the example in Figure 1 is the End
of Transmission Block (ETB) framing character. In fact, ETB
is always the third framing character of every line block
except the last block of the message. Like all other fram-
ing characters, it is an even parity character. The ETB
character is immediately followed by the Block Parity (BP)
character. No character of any kind may be inserted between
ETB and BP . Block Parity is the last framing character of
every AUTODIN line block. It may be either odd or even in
parity because it is formed by the binary addition without
carry (sum modulo 256) of all bytes in the line block. In
this way BP serves to check the correctness of received
line blocks by detecting single errors.
The second line block of the example message begins
with the Start of Text (STX) framing characters. STX is
the first framing character of every line block except the
first line block which is started with the SOH framing
24

character. STX is an even parity character which is always
followed immediately by a Delete (DEL) framing character,
which is also even in parity. The DEL character is the
second framing character of every line block except the
first one which has an SEL in the second position. The DEL
character is used only on links between ASC's and tributary
stations. On interswitch trunks between ASC's, the DEL is
replaced with a Security (SEC) framing character which is
used by the ASC's for the routing of classified and
unclassified message traffic.
The remainder of the second line block is the same
as the first line block -- 80 text characters followed by
the ETB and BP characters. In fact, all subsequent line
blocks are the same (STX, DEL, 80 text characters, ETB, and
BP) except for the last line block. The last line block
begins with STX and DEL framing characters; however, these
are followed by 37 text characters and three framing charac-
ters. The first of these framing characters is the End of
Medium (EM) . This even parity character is used to signal
the end of an AUTODIN message. It is followed by the End
of Text (ETX) framing character (even in parity) and the BP
framing character. The BP character is formed as previously
described except that it is computed on the 37 text charac-
ters and the EM character instead of the 80 text characters
as in line blocks one, two, and three.
25

The line block structure is built and transmitted
by the transmit logic of an AUTODIN ASC or tributary.
Analogously, the receive logic portion of an AUTODIN ASC
or tributary expects to receive information in this line
block structure. Now that this structure has been explained,
it is possible to discuss the AUTODIN protocol and its
associated control characters.
4. Control Characters
In order to provide for channel coordination, con-
trol characters are required. Control characters are even
parity characters which are always transmitted as contiguous
pairs. Six of the most important ones are described below:
(1) Acknowledge Number One (ACK1)
.
ACK1 is sent by an ASC or tributary to signal
the distant transmitter that a line block has been received
correctly. ACK1 is the answer to the first line block sent
after power-up, or to the first line block received after a
message has been cancelled. Thereafter, ACK1 is used alter-
nately with ACK2 to indicate correctly received line blocks.
(2) Acknowledge Number Two (ACK2)
ACK2 is sent as a reply to indicate the correct
reception of a line block after a line block has been acknowl-
edged with ACK1. For example, if line block one is received
correctly and an ACK1 is sent in reply, then when line block
26

two is received (correctly) , an ACK2 is sent in reply. The
sequence of alternate ACKl's and ACK2 ' s is not interrupted
between messages; that is, if the answer to last line block
of a message was ACK1, then the answer to the first line
block of the next message will be ACK2.
(3) Negative Acknowledge (NAK)
Tributaries and ASC ' s use NAK to signal that
a line block has been received with an error in it. NAK
is sent after the end of the erroneous line block is received,
not at the time the error is detected. Whenever an NAK is
received, the transmitting station will retransmit the
complete line block to which the NAK applies.
(4) Reject Your Message (RM)
RM's are sent as replies to line blocks. Only
an ASC can send an RM, which is sent to the transmitting
tributary to signal that there is a defect in the message
which cannot be rectified by retransmission of the line
block.
(5) Wait Before Transmitting (WBT)
WBT is sent by either an ASC or tributary sta-
tion in response to a properly framed line block to inform
the distant transmitter that the local receiver can no longer
accept line blocks. The eventual response to the line block
in question may be an ACK1, ACK2, or even NAK; however,
27

while WBT is being received (and until an ACK or NAK is
received) , the transmitting station may send only control
characters or synchronous idle pattern (SYN)
.
(6) Reply (REP)
An ASC or tributary station transmitter will
use the REP to direct the distant receiver to send its last
response or current (updated) response such as ACK1, ACK2
,
NAK, RM, or WBT. Each transmitter must be equipped with a
variable timer hereafter referred to as the answer timer.
At the end of each line block transmitted, the answer timer
is initialized. When the answer timer expires an REP will
be sent if an answer has not been received or if a WBT has
been received. Each time an REP is sent the answer timer
will be reinitialized. Whenever an ACK1, ACK2 , NAK, or RM
is received, the answer timer will be stopped. "The dura-
tion of the answer timer is a function of modulation rate,
communication path delays, delays in modems, and receiver
response delays. The answer timer duration is determined
by adding together all the delays for an expected round trip
delay time plus a safety margin. Thus, the answer timer
delay is equal to slightly more than the time to receive
an expected answer (ACK1, ACK2 , NAK, etc.) to a line block
or REP. Typical answer timer settings are 3 seconds for
75 to 600 baud circuits, 0.5 seconds for 1200 baud circuits
28

and 0.25 seconds for 2400 baud circuits. If REP is sent
three times in succession without receiving an appropriate
reply, an alarm will be sounded.
(7) Cancel (CAN)
CAN is sent by a transmitting station to signal
the distant receiver to cancel or discard the current
message. The CAN may be initiated manually, automatically
by the transmitter upon an incorrectable error condition,
or automatically by the receiver whenever an RM is received
as the response to a line block.
The aforementioned seven control characters permit
channel coordination such that erroneous line blocks are
retransmitted, correct line blocks are acknowledged, and,
whenever circuit degradation occurs, alarms are activated
which bring the requisite human intervention. The next
section provides examples which will demonstrate the
inter-operative relationship between line blocks, framing
characters, and control characters.
5. An Analysis of Block-By-Block Operation
Within Mode I AUTODIN there are two types of opera-
tion: block-by-block and continuous. Under block-by-block
operation, a transmitting station sends one line block and
does not send a subsequent line block until an ACK1 or ACK2
is received. Under continuous operation, one line block is
29

sent, then a second one. When continuous operation is
working properly, the ACK for the first line block will be
received while the second is being transmitted. There is
no difference between block-by-block and continuous mode
for an AUTODIN receiver and only a trivial change in buffer-
ing for an AUTODIN transmitter. This thesis deals only with
block-by-block operation.
Figure 2 illustrates the AUTODIN protocol: the
transmission of data in line block format, the channel
coordination obtained from the control characters, the
synchronous idle pattern between line blocks and the trans-
mission and response delays involved. The message being
transmitted in the example of Figure 2 contains 223 text
(or informational) characters. This requires two full-size
line blocks of 80 text characters each and a third line
block of 63 text . characters . In this example, the informa-
tion transfer is in one direction with the ASC transmitting
and the tributary receiving. It will be instructive to
trace through Figure 2 from left to right, noting that
moving from left to right is analogous to moving forward
in time.
Line block one with SOH and SEL for beginning framing
characters is transmitted from the ASC and is received at the
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After the entire line block is correctly received, and after
a response delay time (denoted by "R") , the tributary sends
two contiguous ACKl's. These are received back at the ASC
a transmission time (T) later. The ASC then transmits the
second line block of the message; however, this time there
is an error in transmission. Consequently, the tributary
sends two contiguous NAK's. When these NAK's are received
at the ASC, the second line block of the message is retrans-
mitted. This time it is correctly received by the tributary,
which sends the appropriate ACK2. Finally, the last line
block of the message, which is a short line block containing
63 text characters (marked at the end of text by an EM
character) , is transmitted. The tributary acknowledges
receipt of the last line block with an ACK1, which illustrates
the alternation of ACKl's and ACK2 ' s
.
From the above descriptions , the reader should have
a general idea of how Mode 1 block-by-block AUTODIN functions.
It is merely the transmission, reception, and acknowledgement
of line blocks which contain the information to be communicated,
C. REASONS FOR INVESTIGATING MICROCOMPUTERS FOR AUTODIN
APPLICATIONS
Reference 1 states that various computers have been
approved and certified by the Defense Communications Agency
33

(DCA) for use as AUTODIN tributary stations. These
computers are:
1. IBM 360 Series.
2. RCA SPECTRA 70 Series.
3. Univac DCT 9000 Series.
4. Control Data Corporation CD1700 Series.
5. SOROBAN DST (Mohawk Data Science Corporation).
6. Honeywell 200 Series.
7. ITT World ADX 9300.
8. Burroughs 3500 Series.
Hundreds of the above machines have been installed
around the world to provide AUTODIN service to the far-flung
units of the Department of Defense. The Naval Telecommunica-
tions Center, Monterey, California, is a typical tributary
station. It is a 1200 baud Mode I tributary which consists
of a Univac DCT 9000 computer with two magnetic tape drives
,
a card reader, a card punch, a paper tape reader, a line
printer, and a communication interface unit. The annual
cost to the government to provide this equipment is $67,824.00
per year for equipment leasing and $13,512.00 for on-call
maintenance support. Thus, for equipment alone, over
$80,000.00 per year must be spent on this tributary station,
and this is not an atypical amount. The Communication Center
of the Third Force Service Regiment, Fleet Marine Force
Pacific, located on the island of Okinawa, costs a similar
amount for the same capability: a 1200 baud, Mode I AUTODIN




In reviewing the above equipment costs, two questions
immediately come into mind: First, are such relatively
expensive and powerful computers needed for AUTODIN tribu-
tary applications? Second, can inexpensive microcomputers
function as AUTODIN tributaries? If microcomputers can be
programmed to serve as AUTODIN tributary stations, then it
is possible to replace the more expensive, powerful machines
presently being used and save millions of dollars each year.
In addition, since microcomputers are smaller, lighter,
and more rugged than the aforementioned large computers, the
potential use of microcomputers as AUTODIN tributaries in
tactical and mobile situations could greatly improve the
record communication capabilities of deployed combat units.
In short, greatly reduced costs and expanded AUTODIN service
in tactical situations are two potential benefits to be
realized if microcomputers are capable of functioning as
AUTODIN tributaries. For this reason, the central question
of this thesis is: can a microcomputer function as an
AUTODIN tributary? If so, how fast can it process information?
35

III. MAKING THE AUTODIN PROTOCOL
MORE UNDERSTANDABLE
Before designing and writing a computer program which
would demonstrate the feasibility of using a microcomputer
as an AUTODIN tributary, it was necessary to understand
completely all of the details of the AUTODIN protocol for
Mode I block-by-block operation.
A. DIFFICULTIES IN UNDERSTANDING THE AUTODIN PROTOCOL
Although reference 2 is a very comprehensive and detailed
document, it is difficult to use in gaining a complete and
precise understanding of the AUTODIN protocol. The major
obstacle which prevented an easy understanding of the pro-
tocol is the limitation of short-term human memory: it
was impossible for the author to digest reference 2 from
cover to cover and then suddenly realize and understand
the exceedingly complex AUTODIN protocol. The problem was
that reference 2 failed to approach the problem of describing
AUTODIN from the top down. In other words, instead of giv-
ing an overview of AUTODIN and then explaining it in levels
of increasing detail, reference 2 appeared to approach the
problem from the inside out, a method which was not suitable
for rapid and easy understanding of the protocol. This
36

contention is reinforced by the following example. In
1975, after over a decade of AUTODIN service, the Univac
DCT 9000 computer at the Naval Telecommunication Center,
Monterey, California, went into the machine halt condition
as the result of a software bug which surfaced while an
AUTODIN message was being transmitted. Reference 10 speci-
fies that AUTODIN messages shall be terminated by eight line-
feeds followed by four N's. However, the DCT 9000, a com-
puter which is sanctioned for AUTODIN use by DCA, interpreted
the presence of four contiguous N's in an encoded weather
message as the end of message indicator. No line-feeds were
involved. This lack of precision in describing the AUTODIN
protocol leads to ambiguities which can cause mistakes in
programming. The process of describing a complex, detailed
protocol in this manner is analogous to describing a building
to a blind man brick by brick without first giving a des-
cription of the shape, size, and purpose of the building.
For example, when reading reference 2, the author came
across the fact that all control characters are transmitted
in contiguous pairs. The question then arose as to what the
AUTODIN receive logic must do in the event only one control
character is received. Should the receiver ignore the
character? Should it act upon the character as though it
were a valid two-character control sequence? At first, the
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author thought that there was an ambiguity on this point;
however, the answer was finally found buried in the details
of reference 2: the receiver logic ignores single control
characters; it only acts upon contiguous pairs of control
characters.
This example and others like it served to illustrate
the inadequacies of reference 2. What was needed was an
overview of the protocol -- some method of describing the
inter-operability of all the facets of the protocol. The
flowcharts of reference 2 failed to provide an overview of
the protocol and also failed to provide enough precision to
cover all contingencies. In other words, a better method
of describing the AUTODIN protocol was needed. This better
method was first used by Renninger in reference 12.
Renninger described the AUTODIN protocol in terms of two
state transition diagrams: a receiver and a transmitter.
Indeed, throughout reference 2 there are numerous references
made to a receiver and a transmitter, but the reader is
never told exactly what they are. From studying the work
of Renninger, it became clear to the author what the AUTODIN
receiver and transmitter were: they were transition state
machines which had starting states and which were driven
from state to state. Each incoming or received byte repre-
sented a potential state transition for the receive machine;
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likewise, each byte to be transmitted represented a poten-
tial state transition for the transmit machine. The actual
transitions made and actions taken depend upon these inputs
to the receiver and transmitter and upon the condition of
numerous flags which contain detailed information on the
overall state of each machine.
The term transition state machine is used here to denote
a machine which is derived from and closely related to a
finite state machine. The major difference is that while
a finite state machine uses only states to define its logic,
a transition state machine uses both flags and states. This
somewhat more informal method of describing a logical pro-
cess has two advantages over the finite state machine model.
The first of these is that it permits designers to concen-
trate on the most important states and the second advantage
is that the problem can be reduced to an understandable and
readable form. The AUTODIN receive and transmit machines
are described in more detail in the sections that follow.
B. THE AUTODIN RECEIVE MACHINE
Renninger described the Mode I AUTODIN receive protocol
as a 17-state machine. Here the receive protocol is speci-
fied as a nine-state machine. The reason that the protocol
can be specified here with eight fewer states is that this
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version of the protocol uses more condition flags than
Renninger's model, but fewer states. Thus, the two machines
are logically equivalent with the following exception:
Renninger's machine is for continuous Mode I AUTODIN whereas
this machine is for block-by-block Mode I AUTODIN.
Figure 3 depicts the AUTODIN receiver in the form of
a nine-state transition diagram. The states are numbered,
and the transition paths between states are labeled with
letters. A description of each state transition is given
in Table I. Each incoming byte or message character
corresponds to a transition line on the state diagram,
with some transitions beginning and ending in the same
state.
It is felt that the state diagram of Figure 3 is a
superior method of specifying the control logic of the
AUTODIN receiver. It is superior to the flow charts and
explanatory text of reference 2 because it utilizes the
concept of a finite state machine in its graphical repre-
sentation to completely specify on one page the receiver



















AUTODIN RECEIVER STATE TRANSITION DESCRIPTIONS
Transition Description
A Synchronization achieved between messages.
Four SYN's received in a row and mid-
message flag = false.
B Loss of synchronization between messages.
Receiver timer has expired without 4 SYN's
being received and mid-message flag = false,
C Loss of synchronization between line blocks,
Receiver timer has expired without 4 SYN's
being received and mid-message flag = true.
D Synchronization achieved between line
blocks. Four SYN's received in a row and
mid-message flag = true.
E SYN character received. Increment syn-
counter. If syn-counter = 4 then reset
receiver timer and set SYN-COUNTER = 0.
F Any odd parity character received. Set
syn-counter = 0. Check to see if receive
timer is expired.
G First character of a two-character control
sequence received. Set SOH flag = true.
H Second character of a two-character control
sequence received and SOH flag = true.
I Invalid SEL character received.
J SOH received.
K BP of last line block in message received





L Correct SEL received. Set mid-message
flag = true.
M Second character of a two-character control
sequence received and text flag = true.
N First character of a two-character control
sequence received. Set text flag = true.
Second character of a two-character control
sequence received and STX flag = true.
P First character of a two-character control
sequence received. Set STX flag = true.
Q SYN character received. Increment syn-
counter. If syn-counter = 4 then reset
receive timer and set syn-counter = 0.
R Any odd parity character received. Set
syn-counter = 0. Check to see if receive
timer is expired.
S STX received.
T BP of intermediate line block in message
received (intermediate because mid-message
flag = true)
.
U Correct DEL received. Set mid-message
flag = true.
V Second character of a two-character control
sequence and ETB flag = true.
W First character of a two-character control
sequence. Set ETB flag = true.
X MC received. Set MC flag = true.
Y Any non-control or non-framing character





Z EM received. Set mid-message flag = false,




EE Any character other than ETX or ETB
received. Set error flag = true.
FF SYN received. Increment syn-counter.
GG Any character other than SYN received.
Set syn-counter = 0.
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C. THE AUTODIN TRANSMIT MACHINE
The design of the AUTODIN transmit machine is very
similar to that of the receive machine except, of course,
that the purpose of the transmit machine is to read and
transmit characters of text while the purpose of the receive
machine is to receive text. Again, Renninger's transmitter
consists of nine states whereas the author's machine con-
sists of five states. The reason for fewer states is the
same as for the difference in receiver states: fewer
states, more condition flags. Finally, this transmit
machine and Renninger's differ in that the former is for
block-by-block operation and the latter for continuous
operation. Otherwise, they are functionally equivalent.
Figure 4 depicts the five-state AUTODIN transmitter as
a state transition diagram and Table II gives a description
of each of the transitions. Each outgoing byte or text
character which is read by the transmit machine corresponds
to a line on the state transition diagram. These outgoing
bytes can cause transitions from state to state or from a
state back to the same state. Again, it is felt that the
state diagram method of specifying a communication protocol
is far superior to the method used in reference 2.
It should be pointed out that the receive and transmit
machines, while specifying the AUTODIN protocol, do not
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completely specify all of the details required for imple-
mentation on an actual computer. The actual implementa-
tion of the receive and transmit machines is the subject
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AUTODIN TRANSMITTER STATE TRANSITIONS
Transition Description
A Blank character read. Blanks are used as
leader on paper tape messages and are read
and discarded by the transmitter.
B First non-blank character of a message
read. Place character in outgoing line
block.
C Second non-blank character of a message
read. Place character in outgoing line
block.
D Third non-blank character of a message
read and table lookup indicates invalid
IMF character. Cancel the message.
E Third non-blank character of a message
read and table lookup indicates valid LMF
character. Place SEL character in out-
going line block and set text counter = 4.
F Character read and text counter is less
than 80. Increment text counter. Place
character in outgoing line block.
G Character read and text counter = 80. Set
text counter = and place character in
outgoing line block.
H First character of subsequent line block
and end-of-message = false. Set text





First character of subsequent line block
and end -of-message = true. Place character
in outgoing line block.
Character read and end-of -message = true.
Place character in outgoing line block and
set text counter = o
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IV. SOFTWARE DESIGN AND IMPLEMENTATION
The central issue of this thesis is whether or not a
microcomputer can function as a Mode I AUTODIN tributary
station and, if it can, at what baud rate can it so func-
tion? In order to answer this question it became clear
from the very beginning that it would be necessary to develop
a computer program which would function as an AUTODIN tribu-
tary station. In this way, it would be possible to deter-
mine whether or not a microcomputer could perform all of
those functions associated with an AUTODIN tributary. If
this test proved to be successful, that is, if the micro-
computer could perform the necessary tributary functions,
then a timing test could be devised which could measure
the rate at which the microcomputer could function as an
AUTODIN tributary. Consequently, a major portion of the
effort expended in this thesis was spent on designing,
developing, implementing, testing, and timing a computer
program which enabled a microcomputer to function as an
AUTODIN tributary station. It should be emphasized, however,
that the purpose of the AUTODIN test program is to demonstrate
feasibility. It was not designed for actual AUTODIN use.
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A. DEFINITION OF THE PROBLEM
The first step in the top-down approach to software
development is to define completely the problem to be
solved. In this case, the problem was to write a computer
program which would enable a microcomputer to function as
an AUTODIN tributary station. In addition, the program
was to have the property that it could be timed to deter-
mine the rate at which it could process AUTODIN messages.
This statement defined the problem at its highest level or
most general form.
The problem at hand was then taken to the next level of
detail. It was determined that the microcomputer, in order
to function as an AUTODIN tributary, should be able to inter-
face with the receive side of a communication channel, per-
form the receive functions of the AUTODIN protocol, and
pass the text obtained from the receive channel to a writer
device such as a line printer, card punch, or magnetic tape
drive. Simultaneously, the microcomputer must also read
information from a reader device (such as a paper tape
reader, card reader, or magnetic tape drive)
,
put this in-
formation into line block format, and interface with the
transmit side of a communication channel. In addition,
there must be coordination between the transmit and receive
functions to provide the full channel coordination and error
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detection capability specified and required by the AUTODIN
protocol.
The above paragraph represents an important step in the
definition of any software problem. That step is specifying
the operations which the program must perform. In many
circles, this step (or the document which explains it) is
called an operational specification. Appendix A is the
operational specification for the AUTODIN test program
to demonstrate the feasibility of using microcomputers in
DCS AUTODIN applications. The reader will note that the
operational specification was written in the future tense,
since it was developed before the program.
In defining the problem to be solved, two accomplish-
ments served to bring the problem into sharp focus. The
first of these was the development of the operational speci-
fication of the program. The second was the development of
the transmit and receive machine descriptions of the AUTODIN
protocol. Indeed, putting the AUTODIN protocol into under-
standable form was the single most important aspect of
defining the problem. The transmit and receive machine
descriptions of the AUTODIN protocol appear to be hardware
independent; however, many of the points discussed by the
operational specification address hardware-dependent prob-
lems. For this reason (and in order to achieve an actual
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implementation of the AUTODIN protocol) it was necessary
to examine the hardware environment in which the program
must reside.
B. THE HARDWARE ENVIRONMENT
The Intellec 8 /Mod 80 microcomputer development system
with its 8080 microprocessor CPU was chosen to develop and
test the AUTODIN test program. The first reason for this
choice was availability; however, many other reasons also
existed. Among these were the wide use of 8080 CPU's
(indeed, the 8080 has become an industry standard) , the
availability of software (such as high-level languages, de-
buggers, loaders, etc.) for program development and testing,
and the ability to address up to 256 peripheral devices. In
general, the 8080 is a single-chip, large-scale integrated
(LSI) CPU which has 8 and 16-bit registers and can address
up to 64K of main memory. References 4 and 5 provide more
details on this subject.
The actual microcomputer used for development and testing
of the AUTODIN test program was an Intellec 8 microcomputer
with 8080 CPU, 16K of main memory, and two input/output (I/O)
boards. The first I/O board was configured to permit inter-
facing with either a teletype or a cathode ray tube (CRT)
terminal. The second I/O board was configured to work with
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a Universal Asynchronous Receiver/Transmitter (UART) . This
hardware configuration obviously did not match the normal
one found at a Mode I tributary station, which includes
magnetic tape drives, card reader, card punch, paper tape
reader, and line printer as well as a USART (as opposed to
the UART available with the Intellec 8) . In addition, in
order to assure correctness of the AUTODIN test program, it
was decided that tests with actual peripheral devices must
be conducted. In order to conduct such tests, an equipment
test configuration was developed.
First of all it was decided that the Intellec 8 could be
tested back- to -back, with its transmit logic sending to its
own receive logic to simulate the full duplex information
transfer found on a Mode I communication channel between an
ASC and tributary. In fact, as program development progressed,
it became obvious that it made no difference whether or not
the receiver was receiving information sent by itself (the
same computer) or whether it was receiving information from
a distant computer. The same was true for the transmitter.
Only one minor logical difference became apparent: in using
two machines, the receiver, at power-up, would attempt to
achieve synchronization before permitting the transmitter to
send anything. Obviously, if nothing was ever sent, then
SYN characters could never be received. Consequently, for
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the back- to-back configuration, a virtual bitstream was pro-
grammed into main memory, and part of the initialization of
the program would insert SYN characters in this bitstream
to achieve initial synchronization. Thereafter, the receive
process would fetch bytes from this bitstream just as though
it were interfacing with an actual USART. Conversely, the
transmit process would insert bytes into this virtual bit-
stream just as though it were communicating with an actual
USART. A side benefit of this method was that it eliminated
use of the Intellec 8's UART. The UART was not used for two
reasons. First, Mode I AUTODIN calls for synchronous vice
asynchronous channel operation. Second, the UART available
for testing was configured for seven-bit operation which
precluded the use of eight-bit bytes. Eight-bit bytes with
odd and even parity are mandatory for the AUTODIN logic.
The use of the virtual bitstream concept solved both of
these problems and did not cause an adverse effect on the
timing considerations since the difference in processing
time required to interface with a virtual bitstream and an
actual USART is negligible. It is true that with an actual
USART, the CPU might have to wait for a byte if the CPU
were able to process bytes faster than the USART, or, if
the CPU were slower than the USART, then a byte might be
missed. However, this contingency was provided for by
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conducting worst-case testing (see Section V.B for details)
.
It is interesting to note that an analysis of test results
showed that the 8080 CPU must execute an average of 574
instructions per received byte with a virtual bitstream and
573 instructions per received byte for an actual USART. Of
these, 572 are identical, demonstrating the negligible
difference between the two.
In addition to the virtual bitstream concept, a second
aspect of the equipment test configuration had to be care-
fully thought out prior to programming and testing. This
aspect was the matter of peripheral devices. The typical
peripheral equipment configuration at a Mode I AUTODIN
tributary usually consists of two magnetic tape drives (one
for receive, one for transmit) , a card reader, a card punch,
a paper tape reader, and a line printer. Only two I/O
ports, a teletype, and a CRT were available for testing.
Since the teletype offered both a print capability for the
receive function and a paper tape reader for the transmit
function, it was selected over the CRT. The intention
was to run tests of the algorithm using the teletype printer
and reader simultaneously. This test was needed to check
the correctness of the algorithm. However, the program
was written so that, on incoming messages, the receiver
would examine the SEL character, determine which output
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device to select, select the output device, and then write
the information on the selected output device (which in this
case was always the teletype) . In this way, the correctness
of the algorithm could be tested without modifying the
algorithm which would be used at an actual installation and
without modifying the timing considerations. A similar
argument holds for the transmit function: the program was
made to check I/O ports for ready signals from nonexistent
magnetic tape drives and card readers even though any
actual input would always take place on the paper tape
reader. Incorporating real hardware (such as magnetic tape
drives) would require additional device driver routines and
additional buffering. These requirements would increase
the amount of main memory needed but would have a negligible
impact on timing considerations.
By carefully considering all aspects of the hardware
configuration prior to writing the program, it was possible
to design a program which would be capable of being tested
on the existing hardware but which also demonstrated the




C. CHOOSING A PROGRAMMING LANGUAGE
PL/M, a block-structured, high-level systems language
for the 8080 CPU was chosen as the language for developing
the AUTODIN test program. There were four major reasons
for choosing PL/M. The first reason was that the block
structure and other logical constructs (such as if- then
-
else) facilitated the development of straightforward,
efficient algorithms while freeing the programmer from
unnecessary details which are often encountered in assembly
language programming. The second reason was that, as a
systems language, PL/M permits the programmer to control
the 8080 just as closely as needed. Third, programs
written in high-level languages are much easier to debug
and maintain than large assembly language programs. Finally,
the use of a high-level language would permit more rapid
program development, an important consideration due to
time constraints.
D. DESIGNING BY LEVELS
After defining the problem, developing an operational
specification, understanding the hardware environment, and
choosing a programming language, the next step that was
taken was to begin designing the program in levels from
the top down to the lowest levels. Much has been written
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and spoken about structured programming and the top-down
approach; however, in the author's opinion enough cannot
be said. The author has used the top-down approach on
several medium-size software projects with great success.
Applying the approach to the AUTODIN test program also
proved to be very successful: the entire project, from
conception to successful testing took less than 15 weeks'
part-time effort (see Section IV. G for details) . It is
believed that the reason for this success was due to using
the top-down approach and modular, structured programming.
The highest level of the program was designed first,
and the most time spent upon it. Correctness was insured
at higher levels before proceeding to the design of lower
ones. The reader may note that every procedure in the
AUTODIN test program was labeled with a design level number
There were five design levels, with level one denoting the
highest level and level five the lowest. As the design of
the program began at the top level, it was discovered that
the receive and transmit machines that were carefully devel-
oped in order to understand the AUTODIN protocol did not
belong at the highest level of the program but rather at
the second level. It became apparent that the actual
implementation of these machines would require an operating
system at the highest design level of the program to
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coordinate and schedule the transmit and receive processes
as well as other processes.
E. THE REQUISITE OPERATING SYSTEM
An analysis of the top level program requirements showed
that, in addition to the transmit and receive processes,
seven other processes were required to implement a functioning
AUTODIN tributary. The nine processes are:
1. Receive logic process.
2. Transmit logic process (includes a reader process)
3. Poll peripheral devices process.
4. Poll receive side of USART process.
5. Poll transmit side of USART process.
6. Physical transmit process.
7. Writer process.
8. Operator input process.
9. Operator output process.
The functions of the receive and transmit processes were
given in Chapter III of this thesis. The functions of the
poll peripheral devices process were to poll the status of
the local peripheral devices and to mark the devices as ready
or not ready for input or output. Another important process
was the poll receive side of USART process whose purpose
was to indicate if a newly-received byte were in the USART
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and ready for processing. Similarly, the poll transmit side
of USART process had as its function to determine if the
USART were ready to transmit the next byte. The purpose of
the physical transmit process was to actually transfer bytes
to the USART for transmission. The purpose of the writer
process was to write incoming information onto the selected
output device. The operator input process had as its func-
tion the input and interpretation of commands from the human
operator. Finally, the operator output process had as its
function the sending of alarm messages to the operator.
The management of these nine processes was the task of
the highest level of the AUTODIN test program. It was neces-
sary for this highest level to schedule the various processes
and manage the corresponding peripheral and other devices.
This scheduler in algorithmic form is shown below:
DO FOREVER:
CALL POLL USART RECEIVER PROCESS;
IF RECEIVE LOGIC PROCESS IS SCHEDULED OR
RECEIVE LOGIC PROCESS DEVICE IS READY
THEN CALL RECEIVE LOGIC PROCESS;
IF WRITER PROCESS IS SCHEDULED AND WRITER
PROCESS DEVICE IS READY
THEN CALL WRITER PROCESS;
IF OPERATOR INPUT PROCESS DEVICE IS READY
THEN CALL OPERATOR INPUT PROCESS;
IF OPERATOR OUTPUT PROCESS DEVICE IS READY
AND OPERATOR OUTPUT PROCESS IS SCHEDULED
THEN CALL OPERATOR OUTPUT PROCESS;
CALL POLL USART TRANSMIT PROCESS;
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IF TRANSMIT LOGIC PROCESS DEVICE IS READY
AND SENDING IS TRUE
THEN CALL TRANSMIT LOGIC PROCESS;
CALL POLL PERIPHERAL DEVICES;
END;
The above process scheduler was designed to utilize only
polling to determine the status of devices. At first, some
consideration was given to handling some of the devices (in
particular, the receive side of the USART) on an interrupt
basis. This could have been achieved since the 8080 CPU
possesses an interrupt capability. However, careful analy-
sis of the problem revealed that no advantage whatsoever
was to be obtained from interrupt handling some or all of the
devices. The main consideration was speed. When an incoming
byte reaches the receive side of the USART, it remains there,
ready for plucking by some process, for a time equal to eight
times the reciprocal of the baud rate for synchronous opera-
tion and ten times the reciprocal of the baud rate for
asynchronous operation. If the process scheduler can make
one loop (performing all required tasks during this loop)
and return to pluck the next byte from the receive side of
the USART without ever losing a byte, then it will run fast
enough to process a given baud rate. The rate at which the
process scheduler can cycle through its DO FOREVER loop will
be directly proportional to the baud rate it can handle,
and this cycle rate is dependent upon the number of instructions
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the CPU must perform per cycle. No gain in speed or effi-
ciency can be obtained by interrupt processing in this case.
The actual implementation of the process scheduler may
be found at the end of the AUTODIN program listing labeled
program level one. It should be pointed out that the
AUTODIN test program runs on the 8080 CPU without a resi-
dent operating system. In other words, the program contains
its own, built-in operating system functions which consist
of the process scheduler at level one of the program and
the level five procedures which handle the actual input and
output of the bytes. Program levels two, three, and four
represent the various logic levels of the AUTODIN protocol
and its associated processes such as writer, operator input,
etc.
F, IMPLEMENTING THE RECEIVER AND TRANSMITTER PROCESSES
The next task to be performed in developing the AUTODIN
test program was to implement the receiver and transmitter
processes. These processes were well defined in Chapter III.
Consequently, the task of implementing them was greatly
simplified.
The receiver process (or RECEIVE$LOGIC-, as it was called
in the AUTODIN program) was designed to be a nine- state
machine and was implemented as a level two procedure which
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consisted of a nine-part case statement. Each invocation
of the procedure corresponds to waking up of the receive
logic process. Based on the input of a newly-received byte
and the condition of various flags, the receive logic will
perform designated actions and will make a state transition
before going back to sleep.
The transmit process (or TRANSMIT$LOGIC , as it is called
in the AUTODIN program) was designed to be a five-state
machine and was implemented as a level two procedure which
consisted of a five-part case statement. Each state (or
case) was implemented as a level three procedure.
It is instructive to compare the state transition dia-
gram of Figure 4 with the actual program as given in the
listing. The procedure XMT$STATE$3 (contained in procedure
TRANSMIT $LOGIC) corresponds to state three of Figure 4.
One of two possible transitions will be made from state
three. If the byte just read from the selected input device
corresponds to a correct LMF character, then the transmit
logic will place that character in the third text slot of
the outgoing line block, perform a table lookup to find
the corresponding SEL character, and place the SEL character
in the second framing position of the outgoing line block.
Then, the transmit logic will set its new state to four and
go to sleep until reawakened by the process scheduler. On
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the other hand, if the newly-read byte does not match with
a correct LMF character then the transmit logic will send
an alarm to the operator, cancel the current message, set
its new state to one (the start state) , and go to sleep.
The fact that the program was designed in levels is
illustrated by pointing out that in this example the job
scheduler and device manager are at level one, the transmit
logic process is at level two, the actions of transmit state
three are at level three, the procedure which checks LMF '
s
for transmit state three is a level four, and the simple
procedures which actually input and output bytes are at
level five.
G. TESTING AND DEBUGGING THE PROGRAM
The testing and debugging of the AUTODIN test program
was performed with relative ease, a fact the author attrib-
utes to the top-down approach. Of the 15 weeks spent on
the project (from inception to successful testing), seven
were spent defining the problem and designing the uppermost
levels of the program, five were spent in coding and program
development, and three were spent in testing and debugging
the program on the Intellec 8. The definition of the prob-
lem and design of the upper levels have been discussed
previously and consequently will not be discussed here.
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Coding and program development were greatly facilitated
by the use of an interactive, time-share terminal connected
to the IBM 360 system of the Naval Postgraduate School. This
terminal provided three invaluable tools for program devel-
opment: a powerful context editor, a PL/M compiler, and an
8080 simulator (called Interp 80) . These tools facilitated
rapid program development and permitted the design-by-level
approach by allowing testing of program modules at each level
of development. Interp 80 was particularly useful in program
development. For example, the AUTODIN receiver logic was
tested to see if it could correctly recover from error con-
ditions (such as incorrectly received line blocks) . Using
Interp 80, it was simple to introduce errors in order to
test the performance of the receiver logic under various
error conditions. Of the five bugs found during program
development, four were found using Interp 80 before attempting
to test on the Intellec 8. The five program errors discovered
were contained in a program of over 1700 lines of source code.
This translates into approximately one error per 350 lines
of code -- proof that the top-down approach can produce good
software.
In addition to the above problem, a timing problem was
encountered during testing with the teletype. This was
caused by the extremely slow reaction speed of the teletype
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as compared to the 8080 CPU. The problem was rectified by-
inserting delays into the program. Upon completion, the




As previously mentioned, the AUTODIN test program was
designed to be tested in two ways. The first test was per-
formed with actual peripheral devices to test the correctness
of the algorithm, and the second test was performed with all
devices virtual to obtain timing results on the 8080 CPU.
Changing from one type of testing to the other was accomplished
by changing one line of source code.
A RESULTS OF THE PERIPHERAL DEVICE TEST
This program demonstrated its ability to simultaneously
input and output information using the teletype printer and
paper tape reader. In addition, the program demonstrates its
ability to send alarm messages to the operator. Appendix B
shows an actual test message which was sent on the Intellec 8.
B. RESULTS OF THE TIMING TESTS
Three timing tests were conducted. In each of them,
180,000 bytes were processed, and the time required for this
to be done was recorded. This was actually accomplished by
starting the program, using a stopwatch, and having the
8080 go into machine halt after 180,000 received bytes.
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Appendix C shows the calculations used to obtain baud rates
from these measurements.
The first timing test consisted of running the program
with virtual peripheral devices for 180,000 bytes to obtain
an average baud rate. During the test, message traffic was
always being transmitted and received. Thus, during each
cycle of level one, the program was required to receive
one byte, write one byte, read one byte, and transmit one
byte (in addition to polling all peripheral devices, even
though they were not used) . The result of this timing test
was 3354 baud.
The second timing test was exactly the same as the first
one with one difference. In order to make the AUTODIN test
program capable of being run with both actual and virtual
peripheral devices, it was necessary to make numerous checks
throughout the program for the virtual or actual conditions.
This required additional time. Consequently, these checks
were removed, and the program was again timed. This time,
the result was 3723 baud, a slightly faster rate, as expected.
The third timing test took into account worst case condi-
tions as opposed to the average conditions of the first two
tests. This test was necessary because the virtual USART
was used. When using a virtual USART, no received byte is
ever lost. Thus, even though an average baud rate of 3723
69

was measured, there might be worst case conditions where
the receiver logic was going through its worst case (most
time-consuming) processing coincident with the transmit
logic doing the same, while at the same time, the operator
input, operator output, and writer processes all required
attention. Analysis of the AUTODIN test program revealed
that, for the receiver logic, performing state nine actions
(second control character of a two-character control se-
quence) were most time-consuming. For the transmit logic,
state three actions (performing a LMF lookup and LMF-to-
SEL conversion) were the most time-consuming. These actions
were more time-consuming than error recovery. Under these
conditions, an actual USART running at 3723 baud would re-
sult in lost received bytes. Therefore, it was necessary
to conduct a worst-case test of the AUTODIN test program
where these most time-consuming actions were repeatly per-
formed. The result of this test was 2785 baud. An addi-
tional result was that, using an elapsed time of 517 seconds
(See Appendix C) and an average instruction time of five
microseconds, it was determined that the 8080 CPU executed
an average of 574 instructions per received byte.
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VI. CONCLUSIONS AND RECOMMENDATIONS
The AUTODIN test program is not an item of software
ready for installation in AUTODIN tributary stations around
the world. Rather, it was designed to demonstrate the
feasibility of using a microcomputer to perform all of the
functions required of a Mode I AUTODIN tributary station.
In this regard, the AUTODIN test program fulfilled the pur-
pose for which it was designed. By using conservative
analysis techniques and taking into account worst-case pro-
cessing requirements, it was shown that the 8080 CPU can
perform all of the functions associated with an AUTODIN
tributary station at modulation rates of 2400 baud. Further-
more, the AUTODIN test program required approximately 6000
(8-bit) words of main memory. Part of this memory require-
ment came from test parameters which need not be present in
an actual working program. On the other hand, larger buffer
sizes for interfacing with actual magnetic tape drives might
be desirable. In addition, more main memory for certain nice-
to-have features such as strings containing classification
headings would be required. Nevertheless, it is conservatively
estimated that 8194 words of main memory would handle the
requirements for a fielded, working version of the program.
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The result of all this is that AUTODIN communications
can join the microcomputer revolution, and the revolution
can be joined at a respectable baud rate of 2400. An 8080
CPU costs less than 30 dollars. An 8080 CPU, 8194 words of
memory, power supply, cabinet, and I/O boards (with USART )
cost less than one thousand dollars. There is absolutely
no reason for continuing to lease expensive, large-scale
computers at 60-80 thousand dollars per annum. It is true
that the cost of peripherals must be added to the low cost
of an 8080 based microcomputer system, but even with these
costs added, the potential cost savings to the Federal
Government are phenomenal. It is recommended that immedi-
ate attention be given to the official sanctioning and
qualifying of microcomputers as DCS -approved equipment for
AUTODIN use.
Another important implication of this thesis is the
potential use of AUTODIN tributaries in mobile and tactical
applications. Since microcomputers are so small and light-
weight, they can be mounted in vehicles and aircraft to pro-
vide access to a worldwide digital information network. As
defense management and weapon systems become more and more
complex, the requirements for information in all forms
(printed page, magnetic tape, floppy disk) at lower and lower
echelons of command will increase. The use of microcomputers
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will make it possible to expand the number of tributaries,
giving more commanders at lower levels rapid access to the
DCS. The field teletype can be replaced with a microcomputer
connected to a lightweight line printer and (perhaps) a floppy
disk unit, which will greatly improve the throughput rate and
flexibility of communicated information. These are only a
few of the potential applications. It is recommended that
future development of field record communication systems
take into account the use of microcomputers.
Finally, a side-product of this thesis was the state
transition method of describing the AUTODIN protocol. This
method proved to be vastly superior to the method used by
DCA to describe AUTODIN. It is recommended that the state
transition model be researched further, for it is felt that,





OPERATIONAL SPECIFICATION FOR AUTODIN
TEST PROGRAM
I. SYSTEM OVERVIEW
The purpose of the test program shall be to investigate
the feasibility of using a microcomputer such as the Intel
8080 (or equivalent) as a Mode I block-by-block AUTODIN
tributary station. To demonstrate feasibility, it will be
necessary to program the microcomputer to perform all of the
functions that a tributary normally performs. These functions
include the duplex, simultaneous transmission and reception
of information via input from magnetic tape, card, or paper
tape and output via line printer (or teletype) , card, or
magnetic tape. In the feasibility demonstration, the afore-
mentioned peripheral devices may be real or virtual. In
addition, the simultaneous transmission and reception of
information over a full-duplex communication channel via a
Universal Synchronous /Asynchronous Receiver/Transmitter
(USART) must be accomplished. Furthermore, appropriate
messages to the human operator must be sent whenever neces-
sary. Although simultaneous transmission and reception is
required, only one input device and one output device
(which may be of the same or different type) may be selected
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and in use at any point in time. In fact, the input device
remains the same for each AUTODIN message transmitted; like-
wise for received messages and output devices. For example,
the system might be simultaneously transmitting information
from cards and receiving information which was being printed
on a line printer.
In addition to performing the above tasks, the program
must be designed such that the correctness of the algorithm
may be tested by interfacing with actual peripheral devices.
On the other hand, the program must be capable of being
easily changed to work with virtual peripheral devices so
that timing tests may be conducted. The reason for using
virtual peripheral devices for timing tests is so that the
central processing unit (CPU) of the microcomputer may run
at full speed: the purpose of the program is to determine
the speed at which a microcomputer can process AUTODIN
messages and not to determine which input /output devices
are rapid enough to function at AUTODIN tributaries.
III. PROCESSING REQUIREMENTS
A. RECEIVE PROCESSING
Incoming information arrives at the USART via a
communication link and is transferred to the microprocessor,
examined for parity correctness, stripped of control and
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framing bytes, and transferred to the output device selected
according to the SEL character in the incoming message.
Acknowledgements (ACK1/ACK2) will be sent for correctly-
received line blocks; negative acknowledgements will be sent
for incorrectly received line blocks. Synchronous idle will
be recognizable by the receiver function, and notification
of any loss of synchronization will be displayed to the
operator.
B. TRANSMIT PROCESSING
When the human operator activates an input peripheral
device for transmission by mounting a paper or magnetic tape
or by loading a card deck into a card reader, the program
must recognize that transmission is to begin. The program
must begin transmission by reading the selected input device,
building the line blocks for transmission, and must actually
transmit the information, byte by byte, to the USART. In-
cluded in this operation is the insertion of proper parity
and framing characters. In addition, the requisite coordina-
tion between the transmit and receive functions must occur
so that proper channel coordination takes place according





PTTUZYUW RUWJAGCOOOO 21 22200-UUUU— RUWJAGC
ZVP UUUUU
P 302200 JUL 76
PI NTCC MONTEREY CA
T8 NTCC MONTEREY CA
FT
f-NCLAS/'NOOOOO//
T-IIS TEST MESSAGE DEMONSTRATES THE ABILITY IF THE *Q*n
CPU AND INTELLEC 5* 'MI CRO COMPUTER T» PROCESS AUT3DIN
MESSAGES. ALTHOUGH THIS PARTICULAR MESSAGE IS PRINTED
•N A TELETYPE* THE 3030 IS CAPABLD 3F INTERFACING WITH
3THER PERIPHERAL DEVICES SUCH AS LIME PRINTERS* MAGNETIC
TAPE DRIVES* AND CARD PUNCHES/READERS- THE POTENTIAL
USE 3F MI CRSC3MPUTERS FS R AUT3DIN APPLICATIONS HAS TWt
MAJOR IMPACTS:
1) CONSIDERABLE COST SAVINGS MAY RESULT FRiM
USING MI CRfl COMPUTERS IN PLACE OF LARGER*
MORE EXPENSIVE COMPUTERS-
2) THE POSSIBLE USE 3F LIGHTWEIGHT* RUGGED! ZED
COMMUNICATIONS TRIBUTARIES FiR USE IN
TACTICAL SITUATIONS CAN GREATLY IMPROVE
FIELD REC3RD COMMUNICATIONS*








TEST 1: CONSTANT CHECKING FOR VIRTUAL/ACTUAL DEVICES
ELAPSED TIME = 429.4 seconds
180,000 bytes
x g bits/b te = 3 354( +2 5) baud429.4 seconds —
TEST 2: NO CHECKING FOR VIRTUAL/ACTUAL DEVICES
ELAPSED TIME = 386.8 seconds
180,000 bytes . Q7OQ/ , rs , ,
oog Q T^ X 8 bits/byte = 3723(+25) baud386.8 seconds J —
TEST 3: WORST CASE PROCESSING
ELAPSED TIME = 517.0 seconds
180.000 bytes __ , . ,, . „ QC/XO rN u ,











x cl, «: cuh
eh eh eh en
M %COO<3 HHX HO X
hoix hsbeh 1
CQ (J «O 3 «aj W X





wxhq «w a.« enwu cnaaw*
xh cno hbqo viEHaauasO HHSSCnW<cn En CC H<5 HO
CD 3HH(J*i-|Z OW Q3COW>0
O W Q «CD5HOHB H EH^pqca..
CO .,-* HCOOSfuWSHH SB <.^H<QO*W
.^Z «; E-ixCtrieH EHSP5< XSSS OS
w zo QSUDcawzs^mwu hwx qw^j
X OH HW-sJOHH-aSSWQ HWXZX
Eh HE-* WJ OX XXOjXX *tna,o«:HaHO SBHHXHHOO OW r >i H X
SB -SO OW Oi OOfa^ H WcnXXO^HH\ HW SHW HOXSSHZX 25 (J3203HX W5BQW-UOCUHHHCU HUH H HQ OiW QHOIKH 3 S iaiMh)h)W
x s EMwowfe cno ohcswxwxQ SB OX ox XXXQtnWO <:H C0Q>O
•< OO HX_, XQ-iH HHO S^SICOHWCO
O H 04 E-tcn .H WXrtX XWWtrHHX 05 CO O-^HX HHXO WXHOO X
x q oq Htnazy< • «< h xcucnocnnxXX XX <S —
-O CUU—X q= <:o>tx in**
x O • en S H HO • = x cnxcnxO ZQD . «JX2EHJO^W^ilW S H cnXXHO EH OWv • \0 XOX^-sjOrtSXQXX SSOHXOO
Hr- enen q r» os^«u^ nt-iz Eh wwzzuhh
H X XSCOX CT» OC0C0WO OH XQHWOXX3H X^- H *- 05 Snftt-lElSJfeUZX HHEhQX »
<! < QCJtM X»cnOXXOXXO lyj-ajSXX
S3 ZOHH 05 05 *>£*& CnXH SBX«X s: en
«sjo -cvoxtn pq cowzcucn ssh xx oxxx hx H
xx njtn ffl hhoOhmhzkcm3 xw • en ehxcjOH t X«sJ .E IOH 0«s30XXX (^<joQ25h« O XXH
02B X23HHEX e-iXHW"* QdiHM SB 25»**<X H O.HO en
xz xs=oh> s<!QEl,hJoz q«j: dwzhb u o zxoxxXH ZHHZ&0 XOOOXHZXen XX3 OQO O HOhJWU
O O X SB OOH53WXHXHHQ HOWO«« XH »«WfHHE-lXX q •« m •• 025 H3XHH<<N » xo xxnx «*«* x 05 Eh Sh s><
xx xxx«twi woisaz UQO wo -ajacnHXX enx oohhww
H owwzu touaUMWHZ so^h xwh ox asajHBssQa
OHHO^SH OHSO -a;HHX -=a! CO X OXHXSSXO ^HX«sS<'-ncnvH*D3HDW QjEO^OJ 3 OX 1*4 O OH«H iJWB«MZZhW
» ..xxhox x 0x0 <no os<s xEn^n aw<: hohww-s^jhh\ B5SS-<ZU X«a! Eh V3 ZWOD* CUOXOOCUS OHXtMOiOSXOOHOOO-^X CU te)X««5WUHHXSH 35HS3EH bffiS O C H t-lt-HUi
Z3<U<*Jt~l>-l*tl acOWU3UMU«i;wH <^i <«Haww
:e »*4 wsz pq<!H',«« xsb h en &h co «^j os sb
•«. <WE*HWm 03 HH M 0< PH «*S Sh Ct) •< H XHSBC0 «C H • • • •
• • \ usoocnocn w(/;*uo«s*qksq hoowh sb r-(Nrn^LnM3r*cocn
X OB5HC/1Q3P-I DWO WUW3H O XOO «S H
O 03 r3<3e Q HH EHH H «as WH OHZ«O XOXHO-C W XHZXSBXC^XX H^fflOWI




















































CO CO CO CO COOOOOOOOOOO









c> over* cr> ciOOOOOOOOOO





M en HEH P3Ch
en MZ Z MM O Eh Eh
o MM O \ mm ato 03 03
o t* H\ * EH \ O O
CM
. 0*0 EH* XXQSOHEhCUEhOiZW h <<H < N Eh£hO\ 03 03
1 «SU M CJW M * HH CUH 33O COO CO
EhEh«S W 03 Q3ZO * 0303 U&1OO-.O
H .-Ji-J > *wa Z HO) * X <8<WWZ EH Ph
aocu W >3W » OW H • * EH OiOiaiO-ioO'^Cx:
ass hIUOhK" MOOZCO * H x <: cu \£h \ehWHW EH^J Eh w«:z * J W EH Eh en H COH CO
aicoas flWJ WM OOHSO * H >QSMy Q
-33 co tfeaaw SHEncn h * O O W f-3O 03XX EH Eh
Cfl *Eh W tOO • H WEhEh * «: S CO w **: <! Eh en 03 03MX EC • h-)WO M23«M«S3 * a WZEhSUE-'EhCJCJJX o w jz cn-ajwoea * << Q3H
coeh«*: M %COW H CQCBEh < w Q3 C3 03 03 Q3 03 03
tozs OnnOOS »6h OOZZ_5 03 ocoooooooWW X<i-^CO wohhu E-iEhWWWWWWW
UOEh cq »£-» WH 03 W CO 03
ooo XCN C0S»M HlftWQQ z O QQOQQQQQa
03W&1 H WCMW *j: 03w O W PMWWWWWWPMW
UltOEH <*;o3MS3 osw-sehm H CO CO CO CO CO CO CO CO COSO EH'-OO «C EMX co** Eh Q 000000000
ooo **} >Q£hQ3 ' EHEHOW03 < W
uu cozwcoo H XQ3W 03 CO **•***#*-*#
< Q ZMMCJWO (Jcn^wEH < ^ \wwww
w «-z nw osoa Eh EhH J «
w<c 0>C0 0300-i WMWZM U w WHS WHWCLH X23COM w 03 »
«4M » m.WQ3 xw EH03O W Q < 03 « MM
OEhEh Dh) 33 WXWX EH • h -
EH O *WQMWEH WCli H COH H-) CO r- » xo > * «.
«C04 SOW** 03 O O rtS l-J W » w. WCO • » -
W Z «*Eh(J =hW coxox 03 «33 Hl- • r^ • *m ^t- **~
EhEhm 03 O t O wmoehq W 03 >HO OX vD
o<: OEBS-. coo Eh W • z:» - I-J X CN O O
25 « OOOiQ- iS OEH33 Eh H EH <3 2 > i-3 A Xv-3 - X- X- XWZ 0:0 wcco 03 in -5 H w O- X- "»X^3 • **J_q _3 W J
OEHO CuOWCQWEh W O • hJ • OCN i-3 «- - H-903 «. *. . ^<a: *XJXWXJ
6^»H MWSQEh > ,wwx r— - • XhJ- OWW- .- X «<C3- (-3 •< W «« i-J <=s:
CQ£h W33>0230 mw 03-4: O ~3«a - «a3EHOro>-3« «aoJ^:-;sM«
Eh Ph XEhWZOcq WQSOS * Z >iSmhJQ3>h as)-i*-i^1-^1 WEh- «gJPM<!W<:W
zww Eh H" Z Z*a: CO Eh * H XJ.JrtlWiJNWJ. .. <a>itHH 03 £H CB Eh 03 H
<ZO i*i cc w wsHCjtn * 3 hM t-5 h-1 03 EH hJkJ Eh KiJHMXWHWHWH
EhOW ooscswmx EH MOM * a jrtjrtiWHrtihlHlHjH^W^J ^EhhJ5h>-3Eh^
03 05 zowoweh XIZU03H * ^ ^OSaSEH^CtSsat-JQt-qHJEH.o: ^i-lH H H
OQ3 M3!33 05> HWZH*! * H* qgWWH W03 <=fl h3 hH"H 03 bt5 CO «*!MO M CO hH CO
CmO * Q O *CW Eh CMWCOfH # O W H EH v-3X EhWQW «<'3! i-3W CO «< 03 CJ O O
swz aJQHJJrt! Wi» iq * w EHHH QMEHWO30303 H<3SWWZOHO £h
H O WZX X (JWQ * Hh) f-303^ 1-)H h-WWWQ H S^Eh CUO W-S W <BZM Q3<! QQ3Q _}COM<: * w i-h" WW _J UJ EH Eh uj i-)^XH «< tiiz Ehz Eh
C0OC0 WZHW WS5SCJ05 33 w cm ?» ajX QCjiHHQ3 r^ eh (-1 fen *«•m co m co
MU5UJ 25 «~U >«33 t*4 tH .osusmhh tH WjC/JV-/PH«+(_ltr'WI-Hi-H(—IMZ«»M «Q«W>»t'**
H W t—H """^C «I Z HOO W 0^_|«35U3EH-<033> aiW3so3xcjc3xxeHeHBOS 33 £H<~» H23MOEH # a;* W^QjOOw Ocjwwcsx^o-^eH-iCrtQ&HEHcacs
MfcHVl Li — P4 _l O Om-iajv-iU \ «5\ t-ttiit/JtHZ03UMCOQ>-J(»;mWH-)aitH23UtHEHU*-JZ WVJW33J QjO hJ
Q«C >z>6h OCOQ u
WQ3 PMMWMC0 fllnJEHZ w




r» co o>o *— cn en =3* in ^o r- co cr>o i- cnm hj- tn




v£j r~ co o>o t- cn en =t in vo r^ oo a>o r- <n en a- in ^o r» co ono <— cn en 3-








u * XXXX O O X # X«a;OHO 03 M U * ZCO
EhXCJEh H X o * 03
X X«3J Z x q m * O
OUt 1-503 O CJX X X * XXOXX u oz > X * coxhcox MM M E-tZW X * «a:M
o«* o x XM X ZXZ Eh * X
\jE-tW X X U WWM CJ * X s
mcocjz H XCJ X SEhM «aj > xoH< \ W&hO X WEh X M <!X
EhEh>S EH* z-sxx xo*cxx O «fl EH COXXQ3W3 Z HHWS^KUUUjHUK 3 33 CO 3 3
<c<:qx x MO o<*w»<w «a:*s:X Eh CJ z u Q
co to to XM Z3EC0MXMC0X o w\ XX030W xz MEZH C0C03MQC0X M O M X* \ xs>
zx xx XXMZXZWOQXXrtJ Z Z Eh X * EHM
0505 Eh OiQ QXMXO-^SZMESS X M «tf X
OOCO wo «:Eh SB XX SHE X X CO XCJ
XXXtO X&h XZeHXXXXCJtOXCOEHWXCO'a: «: X z MX
H&H 3 IHWUUOOOEiHXUUWOS M Eh CO o XQQOK co** <JQ<CXO OZXXZQ3X o X M ^
^HJZW z XXMX XXZMEhEH^XOI W xco EH UM
cocowx oz OO MQEh s>0 XMXQ Q xco rt! XCO33Q«a MM X3MC0HMXXMXCJ3XX X X EH3
Eh EhEhOOXXOEhXOWO O &h X QU * «s XT#«*# <Q XQ5 Z<!DW<U CJ XZEhX X HO »X s X QWW XX << Q X S>On O ZQ 2QQ XMX X COX ki XEhX U X
««to Eh^ZUZWHW>hZ<SOU«!w -< 30j X E-*»^ X OEh
% X3 COtOX-SMXXSCOXCJXS^SQ M s^ xxx •• X E->>^
• u X XQ X X XX X
MT) xco #**********#**** «aj XX X ~+ Eh X Q
- in ox \WWW\WW\\w > -3IX —^M—JM M XX
•mcN x M ^^ CN^-TNX X COX
• • • ME-i X COX (N i**^ ^^ < 3&H
sr <3CJ *c XCJ "—X CO —
.
M
- xx X<4 X OCO Eh CO CO CO CN X * *XX «. XX v * tm o &^K coxcoxco*-* < wXXX- E-"<i5 «. h •—i » •. « « * k — •«• M CJQ COXX CJX >
bJrtJ<J!X MX » • » x» » »" » » » * *x — x o X X UOO'-O
x«xr» JU xxxvoxx- xxxx- - a xx 5»X CJ--.ox oco a
<exxo r—(Nfnor»i- xu^vor-coxxo^ xx X OCNXXXX z
OSEHE-i- uo COCQO" Xr-CNcnCTvr— t—C^«*- t—
O
<3b* ca-c<wa((j «* N
CJHH zz * Z X ^en«o X
E-UJX MM x - . - » * MX ¥»C0 EH3CJX o ^ *
H i-5 3S >h >i XM » Sm XXXX mxx * 3X CJC03XMX <»: XXXCOQX o«*j MMMMMMXMMMXX^MMM * 03 MXXEhO«* X ca^->3Wrt MX mmm<3:mxmmxmmmm<:mm * MO. 0CJZ30X X XOMHX MM <««<!>«^«4A!»jiHcrs«; * MW OOMOMM ^x
frirtJUH O xxxxxx<:xxxx<:<<xxx * OX jQi«&WH M CJZH«B XX XXXEhXWXXXXXXXEhXX * XCJ **XX«EH&H <: XX
MCOXM Z EhEhEhMEhEhXEhEhEhEhXXMEhEh * CO iy«OOHH X 3£h
*<»-t«.XM w«a mmmmmmehmmmmehmmmm * M >X6H£HX3C o CJX
MMCO X MMM MMMMMMMMM MM = o MX«:rt!COCO M *^UJ
*«t**M EH r- hJ MMCN MM w en i-ux <<* *£• CJ as (s^
03<CHM XXXX5»X ^ZQZ XMM X gHWW<5<« U-l «;>































W QHi-1 H OUHKW^ZWZQW{h<Z2BW O ZCQMCnMU«>BfcHH «CWWaW H
MZ>H W3i-lCDZE(NfeQQHOHWQ'«QQ> Q DH«OWt>CtiOWUWWWBHEQOO CJ >CJ*
H5UM>0>>KlUHZhfod!UHQ:W«HZHH(JZ2H O II ZW i-J
03 WrtWWWX SZ (NHCJZhJ
W ZUXUUD3WWOWW ZWOH
>WXWOWW E(JWEH"Z« E-t
HXCnOS Q5C5W »ehzcq<:ehm QCOWH W CEW H ShXCJWW
CJ WXQ £H Ca5 E-iWZ COCOWWWCnCO
WW O -3O CQ «=C OHBrt! zcqo5<:h
03O WS2Z^ Oxen CQ




W 2S««a WZ CO33C0C0Wt^KWiOOWMZX^WO Z Z
EhCJEhXEhzZSEhWEh XEHQ5 23<C
<0 Eh**! X W£h >coww
eh._3co QtncnwwscoM r-cjE-t>s:



















» p-( ««: e-i cq cQ
W WWXXWWXEnX
£h WW % h »z: S 03 PQ HHW in CQW CJX «WE-)WWWHH X*S *ft CJZ
CQW EHX Eh Eh Eh EH EhO 03 03 Eh CM Eh 05HH
EHXU-i^twx^^COEH C0tft03£H=>EH
WX CQtftCQ CQ 03 5> 33 S CJ 03W~< UWH
EH03 > CJCJ^*^Ot»-WEH^QQ3
<C a5CJUa5 05e5ZQEHCCCji*5COCmft3
Eh CU en Q3 <! EH Eh*» >tM X 03 03 CJ<«W Eh *ft
COW CJ <*»WU CJ t«3 CO S Eh W **< i<3 05X H
W«rtw 5> Uh*&«* ^J *&**f&ti** .=»»* (J «>» Ul hh















CJ> ZEncnXH00 Z CO «C CJ W HH JE
^cHtnH- Q3X CJU2
EHWts3Q EhEhEh^ZUHQH CJZEh zh ho
HZD30-*WO^WSCJ3fhhh
s<:««z cnzcjcncnz.-H'W
CO QjMOS W ZMWZZ OO II 03 33 CO<Q U Eh
«CH«CJW(NWCJCLi03ZZCO
03 CJEh 3 WgHW^rtJ
ehqooo *coo« tnuj
<hOZHZH ••>WWW HX< WWWQ3
X03 03EHW COWCJQ3030








Ehx to Z EHCOEHSS3





****** » \* * * *
cow
WEH
03 >< * » *
» fcQCQWW W
W WQ Eh6h Eh
EH Eh «=< 03 >• Sm >i
X *>4 WCQCQ »CQ
CQW CQ 03 S3 »WW
*
g^W
XEh «, E-t WH WWEHi£
cq >•w 03x <N s eh as CJ eh » CJ
cq tn ehwt*M^ tn in X CQ «:
W XO ^- Eh 01 CJ 5> CQ tft
HWCO«»H^WZ*<»W C5CJ
«aJ£H EhH iac3 CO <! CmQ CJ ^
Z
£HX OiX *5 CJ Z^*W«Z i-HM
cnU4a3H3'33rt55i3«tHHweH
tHtHEHeHEH6HtH|i|6HtilZZ«:SSSSZ2SISZW-3J3
























Eh Eh 6-t 6h
QQQQWWWW

































































































































































r- f- r- r- r- t- t- CM CM CM '"M CM CM CM CN CN CM CN CM CN CM CM CM CM CM CM CN CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
oooooooooooooooooooooooooooooooooooooooooooooooo
HHHHHHHHEH£nHHHHHHHHE^HHHHHHe-'6H6-te-iHEHe-iHeHEHe-tE-ieH6-iE-<e-i£-<E-'EHe-i6-iHeH333333333333333333333333333333333333333333333333
\ w w \ \ \ S W.N.
* # * * * * *
03W
* * * * •» * *
03 Q
w w 03 z
W W W w3 Cm W 03 en
en H CQ (J 3 CM U * * » »
03 <S1 as H CQ 3 Cm oca ca ^-—^^-.° Hca
M W X! U O CQ Cm HWW rNCNCTi'- HQ3W \
Cm O H *0 EH ZS WW k % to « CJWH *W O 03 OW>J h en CQ enww enrorno wencj3 as O OH S »tO05 0333 w * * »•»- Q3Z<
CQ Oi W W>*H enwwwn xijcacQ 2> CNCN'sO •> 03H3 H
en 3E ZHUWH 3 H » * »rn O <C X
w wca QW Eh X "HSmO^S CJ03 03 W mrofi » CJZ3 W
Eh HW wen S^ «3Q33en <"S3 U •. * *rn «CU k H
W HW in en XlTOl e-i OiCQZ ^33 w eN(NU3<— WO .—
»
Q3 »caw ow 00 CQ „«, ** OCJO 03 k » % k 3 W >H2N3E3 u H^" HID Eh Eh 03 03 CNCNCDCN HOS 3 HWh 3 cno Z Q 2CDHHH H^hJ W « H *^- MW WO
H^os*^ 03 03 W^W U-|—^2J s ZOO « CNCNr^ s UJO k U3 <C
zcqow ww oscaen 03 enentM OQ3Q3 o * * *C1 03OW O <!tn
W WH w C3Q3 03—ZZO UHH H mcncr) » OH3 N wen
as— h CMOS QQ 3 03*S^ z*z en % » *o H H — w
03*- 03 03 3W U^ca 0003 033 woo CMrMMOT- enn «S QS
3C0W3 CQH **w QHHH tuu o «.*•••» HZ\ - Q
CJ*-HW E-i WcaW W-aJ 'J H H ^a-^oo OSO# * OH
W03 >tH OWW owenffia 03 03 « * k»— Hen V en
W-*30 EnS W3 KZOM 03OO a romm fc ZQ 3 3WQ«3W HO WWW 03WWWW oww w * » *rn q<i:w3 « N OHQ was Q3 QWG3 w en CNCN>«0 * wwenw % * W
(OQHIK H<< QCQEH QCMQ3COH 23 03 3 % » »cn <A&«:Zr< O •- <iy^zw Eh 03 <WZ OSM2I Q3WW CNCN^ » 3 3H *»-» o W
W«*WH 3H (J« CQCJHW WHH W * * *m W H - » 3 caz
cacaosz cnnos en-^ ZQ3 WZZ 03\ rnmro * W3Q3S CJ3 3 ««HQW(SH OQ HOC5 HHWH03 WMH <:* * w wo osHwen - • WQfaSO 3Z ««0=> WHIOD 300 en mmm » < H2 » «. 3 eno
«swejw H«sinmwo »eoatH04{j CQCUCX) en sb «» * VI3 HO«a: «• — zw3 en f& en en 03O pomror— en^^M QU Q oen
*3* * **w*H#en*z##* * * * OH * * » % * C3303H - » Z H3\<*w \\P3\s \w \< N \W HH comrno '—' OH<* % •» «33 H
w Q X 03 03 uu » s %«—o H 30 — m <:w
E-i Q a H *i W«fl rsjCNvo *r- uouz 3«a! H 03 03H < Q Q W > <. * sr~ •« wen h « - en <3<«5
ca W «c a H a. CNCNvOr-rr) > - w % <« w W
a n «03 t/1 cy ^ X Q33 > H « H s en >J3 •• » H U3
WWfl << as en W 3 3!*3 CNCNvOOO OQ3W <:«: WOQ EhEhQ 3 a < H oo ». » *^r» awenw - • ca QW
W «. ^x-a: Q CQ »ix ^^ wo rviLDv-O * * HH- f-5 > w o 3
en w cqcqw ca < MCQ 00 H-5 * * *oo U «c rtS*aJ w C33
< H OS i w <« 03 H *^ O r-CNVDr- « o*a!Hcn HH Z
CQ >i ClH OS W XK zw » « k »o zcauen -as** en Men
CQ in low w a Cm CQH 03 Hh-3 oooo*- H<CWW Qfl z 303
03 go cow 3 Cm cm CD W * «. 3E3 ~-N—* " 3ZC32 o owW OS i CQ Pm 3 03Z WWW o<^ <<5<tJ«t! qua r-CN w WHW H "5 I ** ZD CQ HW WHH JH E^HHEt w ow <«•« H WO
At Oi t— CM** U CQ *» cu^3 3>HSH hJ <j«a; «;«: k4- U3 a. a. «* o<
a «* ^^CJ H «» H ^** 333 oo 3Q3Q Ohh H 33 03 w«
CQ 03 03 031- 1 O H H 03 ca *^ WH WWW bas*s *j; <3
«t W wwc1 O H S WW 03 r- CM o t-cNro-a- en3W oo w W3W At wwo 1 -J s en U4iH <Q3CB wo W- HO oo u 30
fcH -H hKiH l <*» en z lil*t 3HH 3H WWBW 3 >-j*-j w H
M 3 3 3tfl ' fcH z <n 33 WlAlfclj H 1— 1 -— i 1—» (—
'
fcH t/+t# 1 (-1
03 CQ ajiue- I S3 *fl 03 cum z ***•«» CQ33CU WW W *
3 «» W«»E : x 03 H «<A OCJCJ * <jfaj <:.< # WW * « \
"—







»-cvim;3-invor^co<^OT-Osim.=rir>^or"00<TvOT— cvi rn^ in^ r^ co <r\o^ r\ipo^ui^or^coo^o^c\iro a-unvcr^co






















































% «» » fc •» HZ
•»»*»***•»* % » •» %oa +a*Qi %»»«•*•»*% «»<*< **-« H«fl
£li Z<05OD'«IOOi-l »ZHKIU(J«!lOtnCnOZ^(JWW!HOi-)ZZ SEC
^j xcuOjcucuCMCuajCuHxwajCucucMCua<cuCuxwcucucucuCucuxx ton »
KJ tnHOOOOOOOftWQOOOOOOOOMQOOOOOOlOVl sb
t/j »» »» » o * * % * «*w
£h •» *.Cu *<< %CU »***%***»»» *CU » *• »>CU33 » » vaj tt « 05X -
H zx^oQntnnazzxcau^HJOtnuiOzxtno-BcsOi-izz he-1
x intnoooooooocnc/iooooooooc/icoo oooocncn wm -
CQ * * * * * 330 %»**fc*H»»««%»*•»%•. *Cu *tu **%**•»»»«»«* *H * »ODu * * HCm ----------as
O XX Cu Cm Cu Cu Cm Cu Cm CuXX Cu Cu Cm Cu Cm Cm Cu Cm X X OiO Cm O-i Cm Cu X OW w-.--.---0
Eh cncnOOOOOOOOcotOOOOOOOOOcncoO OOOO <-n zCu - *»««»%«*•»*
«aj * » "» * * » H>^5 — — — — — — —— -X
S3 <. «s > « . , v^ s « s > » > « sb .^ <• > «^ « v^b » > HH - oinowcazx-a:
o zz3Oo3zcaui2zz5-iz05zotnswzz^wci4ZKJiJxz en ---------o
eh xxcMCMCMCMCucuCucu^xcMCuCMiaucuiajCucuxxcua^cuCMCMe^ was k**********
33 cotooooooooooocnooooooootocooooooowcn Ei« ----------s
«a! •> •> * »» »» Cu S0030SU23<
* * x « in « <Ai % * % * »Cm »»»*«.«•» *CU * » «»ta&-i % » 03(< ----------o
OS ZZ>U(N«Ni-(SfeZZZ^WD03H'-lZzy5003lUiHSz O Cm »»»*»*»*%%
63 >iX Cu Oi O-i Cu Oi CU CU CmX X Oi Oi Cm Cu Qj Oj Oi CUX X Cu Cu Cu Cu CuOjWX Cti «---------H:
> vncnoooooooocoiooooooooo^^ooooooo '-o ^ - aacjorje-i «wj>'Oih z * * » * * »*• Q** ---------o
W x s * «. w wa:iiiQ3 >JX( * * % » «fM * * * «. * x »» *Cu «. fc&-i * * W33 - *«.«**»«.«,*»
U U)2ZNO(NQH]UOJZZOO^'JOOEHH5ZzZHtnOHi4ZZ COH —^ --------33
ftj >wtMXCuCuCuCuajP^CuCuXXCMCuQ^3uCuCuCuCjXX0-iCuCuCuCuCuCuX 33CS 0<0<N£SDEh<^3«!
« «ucocnoooooooococoooooooootocoooooooocri H E-i- --------o
fe) <»»%«, v<a3 * *£C * * fc fc «i33 b Wii % * * *£U * * +Z*4 * » H Q» --------X
x QzzD<fNQUa)ouzzaEHZUzzmi«!ZZHWQCjcQi-}zz < co«ss<n i «t!tn ne-K!
Eh XXCuCuCuiajCUCuOtCuXXCUQjCuCuPjCuCuOjXXCuaiCUCuCuCuCuX w w- --------oOcntOOOOOOOOOC/ltnOOOOQOOO^^OQOOOOQcn Cucrj a« »%»»%» «.%«.*
^fjC/j s ».**»•. % » i» «J5W <!- - - - 33- - - - -
Z S**«.%»*«*<.-» »Cufti «. «*H(i( *CU >• * * * »CutnC3 * % EHQ waO'N I -asWWMtnCN
h »zzE^ r3'-a)a3i(N^zzw^oEHtn»HHtnzzswHW^uzz ^h <&- - - - o-
Eh Hxxcu^a^Qj&cuatCuxxcuCuCuCUHCucwCuxxcuCucucucuCuujx eh> eh »»»»»»****
to cocncnOOOOOOOOC/lcnOOOOOOOOcocnOOOOOOOco c^O CO- - - - 33- - - - -
w w k «. o «• k WQ3 tiltH»'~33CjfcHOa3Qg'—
g-( - > , k >> > v » « k • v «u: k »^-|0a %.»»«• *Oi s*«rf3S »*% H(-U tH- - - - 3- ....
ZZin3rNaUD(NrsOZUU*W t"UEKOZl'l»i ,5f«UOZZ »,„»%«,•.•.«.»,»,
WXXQjCUCUCUUjCUCUCU X Oi Cu tU CU CU Cu CU Cm X CU UU Cm Uj Cu CU CUX * W- ---------
ffitncoooooOOOO moOUOOOOO coooooooon \ aatHtaxNcao <ooo
<; » » % s k »»,•. «£- ---------
HJ t » k «»iii » » * %CU •> » » sOjUm »hJ •> «> «• « h ki-U »W *tu » Hjkkkkkkkfckk
UzzDsscnaocxNcocQzuxWt-icnvj&iOPazQOviHCuoi-iz u- ---------






mm no ro on onmmm onm onm no <-o nnm no no no onm nom on no nom on no rono<^nopononn<-opo<"nponnnnnoponononn
oooooooooooooooooooooooooooooooooooooooooooooooo
HHE^HHHHHHHHeHHHHHHHHeH6-iH6-"He-t6HHE-i6HeHEHG-tH6-*e-iHeHeHeH(HeH6-ieHH6-ie-t6-(33D3DDD03D33DaD33DD33DaD333D30DaDaD3D3DD3a333Da3
* \\ * *
# *





cs 33 f< **
w CJH **
04 HU **
< XW * * N
Oj 30 * *
* * N
*
H COX * * * X
<s 03 1-4 * * a \
=3 WCO * * w .«< * »•
E-t E-133 * * -jy itf
03 20 * H CN03 W CO
H MM * > % •- u <
> o>XW *





















CO WW CO * w z t^zx O
w XW Z *u HOU CO Q
> <!W O * u 03U z z
05 33 H * 05 U EH «c






3 6-t II w _ -,_
X H«C < * e-t OiZ^. X
u H33 • «• H * H .- zxo E-t wH <H CO u * h «_, E-t • * H W z
„ 33 05 03 CO W * H «\ W MH3 N K H
to 3 <H CO '«W •« a * e-t w* 03 E-t OSHH * O **
.-VI H> CO COC5W * 33 E-t w >< o<y* X EH
—w 05 .« u W • -COQ6H •• CJ * CJW H 03 0336-< w w X
- as O w WW OSWWQXCa 33 * H <SJX z 03 •* X PJZQ e-t 6h XX Q EH 05 •< 03 H 03 * «SJ 05 33 < 03 w W* CJ w X w
• a CJ X EH QS-Q X W # W <!Q 05 W X HV-' E-t Q 6-1 Eh
*< w 03 O -SXQXXX Q # O 33W «J H EH H 6H X W X X
_ > ZX <WW N * H UCJ 33 U X X X J X Oi
zx ___ HO 03 03 e-< £-• tu e-t * O wO U «U H-3 3 .«Oi O z
- H -s r— 3W EHHP5324 CO * was 05 «S QH w X w H
X04 O O OiOjhon^ w # 03 x, W < =3 OZX X Oi z
- ^ CO 3" HQ *W04OOCm e-t * 33 z 33 tH owo X 6h
zh H —
»
hJW HH^cjU** * xm CJ as u in
- en 03 OD5 COCOXW^O w •* w H • « 1-M CO Z
*w 03 W WH wwwwehx * * CJH CO W > 1 Q • m CJ •-4 EH
- H W 0* 33 E-t £H Oi £h CO 03 * * OH Q 03 O 2= E-t W X2W at <c wcx vh&i< >iu4w * * x> z < rtQ W 3 « > H z
- 05 <: &4 XW UJtHXUJtHH 35 * * XW w H a O —
1
U4 z X
« cu b-tU5 PM * •* ••i-l en U Z <*» H h-
1
3
33 H4 w wwwwww £-1 14 ft >• EH
«S03 * 05 * 03U5O3P3O5U3 * * * 33* * a w 05 z * # W
0««! N tC \ <q «q «35 »a; «; <q \ w o\ N HH U H \ \ X
*H H" ^HijMhJ-l *«• «*
XCJ U uuuuou tt O 6-t




if) \o r* co eno r-<n en crm vg c^ co eno r- cn ro a- in vo r» oo cno *• cn co sfu^vot^xo^o^-cNco^tnv£>r^cocrio<— cn
COC003COCO(Ti<?C^WO>(^C^O^^G^QOOOOOOOOO^r-T-T-r-r-r-r-r-^(NCs|(N(N(N(N{N|CN|(NfNrnnf,l





' ** Ptj\ X M
*
03
H Eh N CO







x .^ CO CO E-i -II
03 1— CO H-J CO 03 CN
• •
















X H H 03 XX 03 Cm
x a* 03 H CJ03 UJ II
X &* W H •. Z«» Cu —
.
CM u 5H 03 w X3 Cm X3 CJ H 3 e-i CO 03 X X
03
03





X w f-3 CO CjT- 3 X X





















CO «a; C5 O w ^•03 -a: X X X
.• X xr- O 03 03 i*3»* V* X X X
__L 63 U V-J 03 Cu <!3 03 X ** CJ
X 6-1 ZA w Z03 • •> CO X cm
<S CJ » •» O W %^ % Q cm X 11 X
03 < CO CJ^. > > 03 — * W Cu X a X
U 05 e-t «*N H CJ H 03 03 E-t X CJ Q m
%* \ < >• ^^ ••> \ M 03 Cm e-iGh U X '/} X CJX * X 03 CN + w * U *«• CJCJ W ** >«^ X ••H
O u 03 03 W • «• ». 03 t-3 00 CO X r-OX x 03 EhCN 3 W 03 wo P4 5-ia. CO E-i CO X II O
&H x x «< XX a 03 =)C0 (ti BH CO H X X z XX3 3 c X *^et x 3 oq 03 s: &H 303 *^ X CJ X X Eh**).
O X X CJ CJQ-. CJ Q 33 e-i*^ O w EH 3 CJ X <:x
u X St «* CJfe* C4 H 11 a ffl «o >» X CO EH Eh> • *
CJ 3 X —CJ •• Q3 O 03H ** KU z X X >— COH X
X O O O XCJO X O CO COS 3E 5HQ3 II Q ** CO X «»P0 >
as X CJ 03 X II II 03 PC| SV> CJ CO Q CJ CO < :»cj CJ3 a-", EH Cm »«cn t t CU N H> * ^» » CJ <J • • H w X CJPO X
X O Z XCNX 03 H E-tCJ CN Z03 H V» in C5 CJ H XX <«•
x ID 3 O DCCH > in M **05 ««• 1HH > X 11 X X
U H cj XEhX u < 3» r~ COCJ w CO CO X X H «k (S3
O i-3 *»Cu<« • • 03 ~J H u - «» W Cm H » X > X H
• * a; W co x X&*CJ u V* w 5-t 030 ^3 *6-t ^» Cm < X «» O z X
2: cu > &H 03 «:cjcj CJ x P> M ***Q, CJ cmx H X b-t > X &HX W <:
M X 3 <! XU *» cs m Z ^3^ <J a-iH X U-l CO H M H
*** t * H Ul hJ ^>- X M i-j 11 t_/m <*t ^t»* Ul <** «* — b-t z bH
H cj U Z Z H-l w<A H >> £h ?» ;» CJ M H
25 u * * tf-l OX x < * # xu s CJCJ X U CJ w X X Z
U \ \ M CJM CO H \ \ CJS X cam CJ X X IB 3 M H
a z X H X
z x z Z z























w II fa EHZ 2 \
EH fa % DCO<W o *
t-t 6H r— QHNX 03
H h <J «¥ fa H3B 3
s C3 EH 05 XZfa «* o
CO z CO W • •» CJO*aQ 03
z H «* fa fa COHHW z
*c Q s fa CO Eh Eh X H <S








Q fe EH II WO 1 03 >








U fa w EH cn .« < CO03 CO fa 05H fa 03 CJ «* ^ fa W«aJ tH OS
U *«• fa <** Q5 *« 03 Efa- • • CO
O Z fa fa fa 03 %* «SO05 co 03 -
fa «aS fa fa fa fa fa S COW • EH Eh
u 33 Q3 •• fa fa u Q3WXEH \ i*5 •- a X .-
EH CQ «»o X fa H «JX«»EH * -S-n X zs. -^
H k *» EH II • » CQ S > faEHSH ZZ «* z
S3 OS EH EM Q W CQ fa • •» < Q3X Q «S3 fa m<<
CO fa XEh fa ^ ** Q ^_, \ • «aco fa POU • KS3 U ••
,. \ z 53 to U Eh t fa •—
*
z * WCOHZ • • CO "~^» H 1 ^-'»
cu * <J H fa *&l U li t CO O Ehco<-< w X 1 UZfa U3
05 03 EH ^ C5Z fa 03 II CO H fa <W- fa EH 1 u- < 1 u-
33 W EH «* < W fa Q 05 fa EH Q5 HU Eh X EH Wll H *A IIQ 05 CO •• EH s % fa Q Q U H 3 QSOfa CQ O '-Que-' fNQO
fa 33 fa Zfa CO HQ3 CO <J Q o Q a OiO5fa03 • •> z ZtOH zco
u Q X «a;CO <A Eh EH «* «> < Q5 z fa OfaCQO zz mwsz WWE
o W EH <*fa Eh 4*U EH 03 ** fa .« O u 05 < OO o COCO<^H coco<^
05 u ^«a: X cow. o fa Q3 «* Q3 U o faEHHQS HH «: S3 «< X
Oi o CO Ufa X Zfa Z fa M U EH "—
»
03 faXQSW EH EH fa Ufafafa ufaca
05 w W II «=$fa II fa fa H X fa ^Qd4> \^\-i CO fa<fa fa«:
• fa t>3 Xfa %, *» w 33 fa O. X w H>H QQ <: * <3H<! * <!fa
05 H uu CN EH "» U CQ X o «* fa in Z=3 fa ZZ u \U«sU \U^:
H m fa < V» SCN M «* CQ i-H fa s ««JOfaU OO
X <S «** T— X*» > U <A 'A NJ Q fa «aw UU * • «»
X fa H HO *<* 05 fa H EH EH H fa fa CO 03 CQ 03 X • •» Q • •
«* &j EH HZ « «fa a U H H fa CJ > QOO WW o z o
w =» H "SH u fafa m o s s <5 o fa ZtHfaW 03 CO •• cq fa a
(SI fa z CSH *a a^ fcH fa CO CO H 03 fa W<4C3X «35<S
M H M *»H v* «*iJ a *» z z H t-M COW H HU
i-4 EH«3J ;> Eh CQ fa EH <: •*J H * w-3: U






























U 3 H E-t z




w 3: <: 3D Q Q t
»
32 Eh O z z pq
e-t
CQ \ zH z «c «* 33Q3
an * o t-1 S3 H
o Q H h-l u \ II










, „ Q .. W M .. a ••> • •> Q <5 HH
03 > 05 u W 03 > en 03 Q 03 Z Oh W 33
E-t U > w <J > CJ • E-i H £h W O Q Q
33 03 U as W •• U 03 a. •« 33 hJ 33 CO \ 03
X 05 03^* as W-s X -a: X CO 03 * M
w z ** a» Z «* > Q3Z <* > «* • • CO < U • *
m ««5 W w s<=c w Z >< W z w X o CO Z CO W
m O •HS as «u • «C<1 H rnu • *S H • «oa en hJ =3 O "~- EH
H - H "-*• H •—'• H - H <! H CO X
1-3 1 1JhJ i 1 CJ33.-J 1 1 CJ^t-J 1 i•JJ H-3 « 1 en CO 03
*c 1 • «a! i 1 o- < 1 1 o- «sj 1 - < fe H M
M II H *# II H *» II H II H o r- Q u W"
Eh rnoe-i ^a- •* LOQOE-t V£) .- r^QCDH CO CD Eh en .. T— •« f— .» z Q 03
H ioh • ZCOH • ztriM !/3H » » » o 03 33
Z wssz Was WW33Z WH wwsz wsz W0-, wco MQ u Oj Q
M CO«*H co- coco-wm CO- COC0<*H CO«*M co- co- CO- V» W
<2 23 <: il <! 33 <=C II *S 33 <23 <1 II xa: II < II w «CH u
J CJ03h-1 (j(J '_)_}«>-; UCD CJ(-3 03hJ CJOSi-J CJO uo UO CO r-33 o
^ 1«:~} CO i—5 ^2 i-J CO i-J<!hJ i<h4 CO CO CO <c II Cu 03
< * *1*$ *aq * »=Cv-5»* # 33 # rtjh-q^: * p-?«* * 5g * 23 * 33 u wen CH
u \.<cj SJ» \U<U \*» \U<5U \<<CJ \*» \<* \^ EH =3
s an 23 as S3 il <o • •
,„ .„ 03 .. 03 » m • * 03 03 03 O Eh-w 1x4Q ,«, Q *< • • Q «S • • a • •» a rtj < <C CO 03 EH
z o Z hH o Z hH- o z o z _) -3 i-3 * **o ?H


























a*>o «" (Nm =r in v£> r» co o>o «~ cnm a- in vo r-»
fNmrom rooo oornmmrn cr sr 3- cr 3- ^r cr 3-





cy 3*m inmm inm
inmm inminmm
oooooooo
H Eh Eh Eh Eh Eh £h £hOOOOOOOO
<: «s «e *e «j *s .a: *a
oooooooo
o r*» co eno «~ cmm
mmm in ^3 ^o \o \q
inmmmm inm in
oooooooo




H eh eh ene ehOOOOOO


























MSO z <CEh ••
EhM w EhEhX Z
EhO X en w w
»• bb en EH WhJEh X
• •> t— uw XMCJ H
r- xjjas •• o fcHgH-a:
+ WEHW o EHZX W
+ EH 00 «—o<: X
03 Q Oh Eh X <t
03 W WWCQ A OEHCJ Eh
W S XO • « XH WS H ZhK '»>— ^
^
• «. z z<:eh o
H Eh o<: T— V* .^ _ w H3SO <
EH W CQ>Ch .« o X X —' Z sW en o + + _ w w • » Eh X* II IIX z wzo OS z EH X o v^—
»
w
u <c XW 03 03 EH H CJ w X X X CJ\ 2S« «S Eh WEh x W < s • •> EH«- EH EH H
* XWH ocn EhCU w Eh X * W CJt-Z EH W Eh >
U1EE ••W03 zw EH 03 <i EH «a3 W II >-3 w w
W WE-ixoca^i-j 0£H en < X w >H X+ X W H H Q
05 > II II w ocn w en u X X < EH U X O W
O U 03 03 03 Eh 03 * uw H o *—
'
o — XX H 3 ••CU EHQ awwwzwN WEh • •W *** Q X UEhO > QEH o
W II ssso>- MWOIB EH w W w II CmO •• W OZO X
u WHHHOO Eh 03 II *— O X CJ EH -~w^-o Q QWO Eh
o WEhEhEhCJ X || XO X o o u XX II W o
X jcwww £h •» X ..eh en z • «k Q X «! EhWAX EH •« oX HW7)COOUO II C3XS H w W X X OtCU Eh o • QHZZ230 II 03 EhWW ** EH U <c w-^xo* CUO z w
in w<!.«j:>=j:eh m z WOiEhEh EH X o m X z XOiEHW HO. W HXWWW >tCJ t*< Enwcnen O X x u w w ;i X03 o
X CJWEhEhWWW X 2HWW z w ai -J X OtXWW o W
W 2USSU1ZS EH oenEHEH Q w w EH «a:eHa3a( en
> XWXXWEhCJ oww z > •• > X oiaiw< w XW en a: X W 1-1 CJHXZ 33 U w w <c h-4 ^-*^U|CU H w
-J wu WEHZP3 »a; WW Q3 O X H i-4 M «< xx<9 in **«> o WW O ••en w >< u O 1*1 1*4 Oi • *»







w X Z X w <-)

















X W EhUB 33
o H in
E-tZ ^
O II O r«"
Z.-, O • •
II 33 m 03 A
-JJ A • • W




^_ W U <- • »
<4CU ^.^ 6H < • « *-»
e-t*% 02 + U 03 w + 03
«*Q w < <S EH Eh
y?os EH 03 03 X Sm 03 a,
<:<: U X .« EH <X u CQ N Eh ^*
su <s # CQ Oi ~ * Oh Eh
•«-'»-' 03 £H Vi u Eh KJ « CO
Eh 6-i <J w &H EH II O 03 w EH w
333 33 03 03 CO ,^ z 3 Q3 CO EH
OiOi U 33 W 33 II a 3 KS • -<>*
Eh6h a Q3 Eh <•«€H ,«
,
KJ Q EhOEh
33 33 Cd W *AOQi o u S3 *^ II wOO W u EH CO || «» Cm o u EHC3M
03 o U II Q3EH Z 03 o II EhCj
w 33 03 «« • t6H«0 H CU 03 • Ojoa!
CO a Oj « 03OiW ** CU 03W6H
HH U4 «* eh** en E-l • t EH6H*ft
w • «• u m 33 Z DjEh** 03 £4 m Z CUCO&h
A) o U Ph tHCOCO <; t «k z w ¥»Pt)CO
EH 03 -a 33 EhWw CO W X -3 X Eh&hW
pi Ou cq W EH COEhO x EH W W Eh CO^tH
CQ > 03 CtUHlO *-» >h o > CtJEH
«* • • U4 < h-J Eh^S H — tH -u 1-J H zW w r-J >-i «*; <* <#» 3 *» *« l-H «c *» «
.« tH tH CJ 3 Ul EH •• Hi u PM X tH X ••Q M X w H •- •—
*
COO. tH z tH * EH-'•""- fcHQ ••
Z 03 eg \ « 030 Pn WZ X * PH \ OSOW-i wz o
UJ LB «> tH« M HW O CO eg HQM 03w a
a > w *» > pa
Q z CO Q &H CO3 w 1*. h3 z eg Cu i-j















« * * Q
M en * * W
^^ -aj * EH
S£ S3 * * co
CD ¥* * * H
<C P- * * t-3
s %* * * \
<* 3 * * W *
r^ o * * Q3
%* i-4 * * << t
as # u








u * * 03 \ %
z ^^ * CO *• 3 * CO
«< ^
^
* w * a • •• 03
.„, X * 03 * w .. 'il 03 W
_ U * 3 *U \ •• w co W H
w z * a * o * W CO (-3 Q Z • •
cu 3 * w * Q3 W hJ «!•• «a H O
Z«*S Oi * u * Oi a. _3 < WW w o IIMH W * o * 3 < w n co 03 Cn 033W Q * 03 *CN W II —-1 W
HO 03 Ul * i II -^ >*<i X P H
< «« * * >-l ^^.«X *QW fcH z Z
UJ33 o * & * W 03 »wq*w«i: ii EH < 3
o»^ ««-
»
* H * > W aco^jQW.
—
O
«JE-t h * H * w as «a hJww OS t>H W CO u
EH3 3 * -3 * t-q O art«J»Q CQ 03 ~*
**Cli Oi * H # w cu * *» Q3W^SW<3 O W HOZ Z * H * O m ii wquw 03 w co \
<W H * =3 * CO H II W «-»UWH 03 feH w W *
as*— >^ * * w •a: faej CJtHM33>-W' CO 33 H
II H H * in * CO O MQ>OWW CQ 03




* w * o \ M U UQ3—TOCO> 33 W w o
> * > * o * X %<* "^-^^COCOCOW CQ H 3 •-II
wz z * w * 03 H ....03 COWCOWWQ #••• W Z CQ o-^
Q03 03 * t-3 * a* w » «0S«aJ COCJWUO"-' r-O Q 3 OQ3W3 3 * * « 03 >»hco WMUOOCO II II \ O 03 -3-H
E-"6-t 6-1 * w * 03 • »o W CJS33 rj>O 03 03 to —»-—
.
6-i o W Oj
aw W * 33 * o wa 5» Q3X O WcCQjCuW ^oco to w Cu o*«
CuOS 03 •
»
* EH * n 03W W «*•&* * OjQOi-^^O 3333 w w < H*
Z 6-i # # «*: 3'J WWCN a^^HHO E-tc-" H H Qj W
.« H !y s * W # s ao CO CSC-3 05 y»coe-i:-3 33c3 <<: > oo,Q (o X * O » W03 w HHH CJCODOtOiOi HH W CQ W II <
3 W I^ «• * *o cja< ts. h^c* HCqftHW coco H oq 03 Oi • •
W H 1&1 o * Q * «- O H •ajoJW OUZ33 33C3 ^•w H % H H— O
H * z * 03 CN .-J HHU OOHOOW ?-»>H k-J 03 -4 OhiM II
W 9* * w # w a> <aj hho H-3Q3^^^e-i HH <C H < WW 03
CO w + * 33 J H HH * f^ttl 03 03 03 5-1 HH H a. H 03 0i H
H-3 £-t EH ..W EH &Z3*~ WWOOOH '**—* H v* H W< CU
w X WJ-* H HM« >U3 5h (HEHS HH H H H U4C0| •*»
-u SIM Z EH HW'SJ'^S'^CO =3 33 Z CO Z ^ U3





a H M hJ^^ UHWWW«a! i^H fcH QHJ
z w * * * * <:* * -S^U WO3 0^U|UiO3 33 33 * W* * O Z<5
m u> \N MX
H




















W \H * •-
u-t ••
W J*C0 WW Qi-j x
CO <*»: asWW eh
o as ii ii
Eh *-* ^~~\ Eh>i *\ E-t* OO Q
* as
U4 WJ
Z CO asas as
o 33 • >«:*«• v»
H O cow w
EH wz XO U
«< XH H H
N] Eh CO * > >
H CO \W W
H* WW a a
*»S \ ou 25—» wH * o wco\co
H wee XC0# CO
H £3) Cm EhW W
Z H U5-U
H w co as «OQO
as O co as< as
O 3 Win SOiWCu
E3 Q > Eh^OS*'*
03 W HN «JO U
W • • O Hfl EHHCOM
ft w O U*« CO CD HO
CCS as WW *»o O
.. H 33 Oi asps EhHWH
.-.-w co a asfc^u**
r^ox w w CN WCO «!WHW
II II as EH .. o XH co>>>
QSQ5H W o ^ E-t 3H«H
Eh£h II Pl.N1 03 W FO *-WQW
CviCmO OH Cm > CO Eh EhO O
fcft-W-Z ^ w <-!& XW# WHHM Q<! • • -1 HW uurq N,p3
cotow ZW US O z
UHWUZ WB «> Ui M WHHW M CO co







































































































SO QQQ WCOCO «C
m zcow<j co>ww sa
EH *0 CO 33WW£MO hh OWCmWOOSEhWWOX 1H
«CHXOC0 33SOOSQ . 33Q U W Cm MW Cm UJ Q «=C
EHMCOOS *a3EHEH03 XW
*jj ehCmco«»:33 wu> w
coo as OCOZHCOW ten
W 33 -< asW 00 ^-Eho O H <JJ
2:0 wwas wcucoaa: hOZQEHWWD3C033ZZO CO
ozehcsww o«S"s: i
COOS'SiHWWEH »QO CftWX S 33HOSW nW
Eho co coz uj asw co as as ca <cco
>hZWZH 3E-i<!03 H
CQXtSJ^t! W OWEhOH COEh
coh as co co Eh< <ioco h<:
^. zEHWWuascoasox ehQWO H36WWM S W CO
woowxehosxwcuco ca
> UKCQ QSOCQOZZ 33C3>
HZWEh zo << OO Q
WHOS HW(J. HCOHH WO
u«« cocox joswehh ozWO »WW3*WW**HH.< OH
OS Xi-JH XCO>XQlS3 233*





so cohosw co aso o
owz CmOiWoo «-<:z hJw
Cj W » WZ«»3Zhh>i X
zco>co was COMH O -^ CO WEh
HWWQ3>hW ZWH >

























rvi(NCN(N<N<N<NCvj cn<"omcnmmm mmooro ^a- =3- a-& zr^&& =r ^ir)inir)ir)inir>u^ininu^^va^^vovQ\£>vov£>











































































































































































































































































































































































































































f» rococo co co
oooooo
Eh Eh EhHH hOOOOOO





























co co co co co
ooooo
EHEHEHHeHOOOOO




CO CO CO CO COOOOOO
EHGHeHEH&H
ooooo
<: *n <a *s <:
oooo













































03 || Q3U ••
Ouase-i*^^-


































































































































































































































































H ^-^ Z 003
E-i s HQ3 X X
cu 03 EHW03 EH o
s < CJEhWW
w h-J WCJ>03 z
E-t «4 Cu«>:h 4Q«























<r>\ Cu II E-t Cn vjDW fcW *ft u
* eft 11 X^-X r»ww<:
w o w a ^_» • * WEhCmEh\ <ftg-i E-tXHZ H H w a CN ^ XO* 3>4>4l« t •
«a:o O >4 .» « w II <wic: owxx WHW O 031 r- H i-4 W MHO •- • hJw^cj X
enn h-1 «ft a. X EH en O——
»
5>> X —
rt! *ft Q + X a «S >-ifrx: QCJU- HO\ 3N w .- > w w Eh z • XO zajKh) II II
* HM >—.•• CJ03 X en Moswwcn <c W XX
Z H—JH «EH 03 CJ %* WHEH QQCO WW
Z \ cno WX«* WU W en > \ WtriOi 03 wzz- SE
o * HX cjacn hw ..s: »»* CJ HU^eoo Zr"<>< HM
H X .-««o WZOH en .-X <EHenw X Q HH
H W 03 CJ SPSHW CJX EH en W w C303 W X^w < ^Mft
CJ 03 WZ * * *-TXv4 ii en ii «• w xz 03 w«*<:cjo <A~ PuX >X
<i • •» 3 >X o V *ftv-3 «• ii X U •• -03W .« X s»x o z >Q- CJUW Q mco II E-tWO WXXU OOEHX •• w Q HCJZCCH CJ" *" xz
w as W w Q3 XOUCu hhhz 03 I 1 II H*- 03 W W OCuEh X A fftX
en as CJ (JW W HZH XOOX CuXX II X CJ U- H II AVW i*sen
«s! .„ Q o W> 23 CJ >i-3 cowften *ftWWOW a O WhJQCX .. > cj*ft
U 2 W « XW H WWWJ **ZZ«- cjsstnE-t w 03 Q3WWEH36 www< w>
o CJ cu H =-4 zhJQ-s: >t>H>'> HHH24 u Cu encnw^-' EhEhEhX xoW M o WX tft 5hH^<J ejen en cj OHH<ftH •- o W- <G XXX CJX
o H 03 on 3U 33 . -en 33 05 as o^^Qcntn 03 rn x xm«- XXxw
CJ Cm H*« UO 3 • »*•* w hll> M-fcftfc* Cu Ehz-^ 'J r u j 'j r *-*
* 4 4 Z II W la en cu <ftCJUS3S>W H < WW >>e> '•\ tft • t W ZO XX.-30 3 Cm h4H WZCd^UEH • t W Z EhEhEh ejejo* o
S3 LH > pan cne-tMQ iMM W >>i*ft>ct3«s: vO > WEtU<«a! P5«K\fl
« «» w x «»(J33 Htnu:u ei •*» w EWHHH ""^
o w H 3 XftCS .« w*ftCjQ3Wen w J. sejjosenen >—'
• • W H CJZ Q cj>« cn*9 Eh X
a X •^ # * x><o Z WCJXfaJ> < * oooo W
















invor~»cocrio^-cNO">3-Lnv£)r~-coa,!OT—oim^- invor* ao <t»o «— (Nmcr invor*' co <t>otm<"o.=j- Lnvor^coc">o*-"?N
^vo^ »x> vo t^ (^ t^ r^ r^ r^ r^ r* t^ r^ ao ao oo coaDa^coao coco en c^ opener* en c^c^
co co oo co co co co ao co co co co co oo co co co ao co co co co co co co co co co co co co co oo co co a* cr>cncncncncncncncricncricnoooooooooooooooooooooooooooooooooooooooooooooooo
DD3DDDaD3Da3DODDaDD333DaD33D33DD3D33aD3aDDD3a3CD
< ** ««:<: *« «a: -a; «t <t< «; <•< «*• << «< *c *ss <t <<-< «c «: «c < <:<:<: «s «s«: «c «sj «c< «c *s «* <:««: *n «* «a:.e:.< «c <:
Z
W \ \
* H * *
Cm- ^ itf
CD, CO U a
• \ o oW II * H* O \ hJ
1S1W CO OEh * CQ
H£h w <:eh2:
J** 25 a w zm W 2
<:w W f< 25 CJH EH WHW\ 32 co H Z CO •aj z \H>* E-> co H i-? HCOW EH *HU w hJ EhWO CO 03
ZffiM • s BE W 25 uou o CN
H Cm W\ • » W CO M wo \ o w
az» - * xw 25 K eu e-i* z w
* OB-t II UCM • •» C3 EH XZH H w EH\ w WWZ «CW OS 25 WW CO t>3 sC\ - I-J EHOXfc-tCMO l-l » BC » • (O H H
# ••EW tW-JjCU <CW 03 CO COE-iW-^ w hJ CO
W- H cqco*j<*o6h • H CO03 u •<Q H II y»COQ«3:«*W 1 II «MW o H O
W >HWW :>WQ3s:otsj w E-iW3E-t 03 Eh EH
> canar CJS«C <M cy EH M>03U Cm W
H W>hE-i « U<:shJ o >t ww*c z XW >CQ Q ii 11 * «C\PQ Maxes EH H W u
U CJ%*Z •«• 03DJWWWH 00*^ U6h*«j ><! E-H <<
w 03>O>« coucoue-i to > wwox W * ••>• 03
« U H UM MH WEU H03 U EH \ow •«
+ 03HEH w >6H>25 SCO 05 < —
.
II t* o w
m 3 II Q^WUIWH i<o E-i»-3EhX O Cm> o 3
w ^iSCUW v QXQ •- K_qcB^». COWSmJEH EH PQCJ .«CEJ
6-4 OOE-"U n cows*** w COCnOC^ QWCO »^C3 1 OEH
O II =>H w- EH EH\3 — <: "** Z H O • -O II II
< ... o> 5n6-i3eH=> o3w H»Ctt- S MW 03 O wu + i-q 03 Q3
OS Curt! W >h(-(Oliho-i --e-tco PnH&ies woo CO 03 W WW
«fl CO- OQ CO H E-tO II >J - «s \ CO ZCn * J Cm a 22
._ X v*ll Eh** WZD# 3 II 0< •• S5CC !| J * H H \ '< %PQ .. MH —
r— u >W En >wo \oo3cowrn oow< .COO W 03won < E-tEnrsj
1! UEh£h= CJX E-iS II II faHEH w Q3 03COZ z II EH> II ^W||W • caxzoj PS&n W 'J«C5W <SHH^ CCi WWWH w Q3CJCJW EH 33>W
EH -q —
,CQ«a:iH CO WOOH i^D5P3>-5 .» 3 S-EhOH 33 0*^03 Eh O OCJEh
<: w II ***=• W* J EHHCS-a: (JWW< w a HUOH ^ C3Eh || <J Z 3Q3<
£H en Cm> O H\ XSWEh W&4 5»CJ cc w w««:o3'< CdSSCME-t >M«*6-t
W • CQCJW E^^wen aj!ou C5 u OQ3 0-I3 H" WEH03C/1 CO co^co
^ WC&3 1jq <^>-«w» u as Q o «<-—
—
W «i«**«"%4 H *^CJ^
S> Q > 1:o >u>> « M 03 Q3X Q >t>>> 5>W>
U O Ufa* i-J CJMCJU * Ofa V cm Cjrors II CJUCJO W UIU
aa O «H\ 1w Q3 Q3CC NJfaH .« o w W CH 03 03 03 EH 03U03
O ^o 03 m 33- WW EH »
• m "*A a. H>-3 6hH >M •-CQ • •
i3* ,a> i3W h4 W<< CQ • 13 • Q3\0 sen • • w ZQEhEh *»o 3* O Z
isj a iy«< p* > W- CO CO >a iW\Q W
EH **» w X u
m CO w l-q 3 03 W
50 <& EH CO



























hwco \ WH Eh
Hja:o\ * ••gnat X
«ccoz# t •> WM w
»MW X „-» 33 03Q z
zco H T— ossefa
U3M M "** fc-t 33 EH
OfaEn as s II * CO W
fa H < OS 0\H « • • CO
OS Cm «s «« z z ^-» —
»
oww JW HZM ^" cm #
Z>CO Q <gH E-Wfa i*S us \HMM «< «* H33 u U
USWJSEh CQ hJEh OS Eh < • • *« ••




o«ww * <«* *»o CJ ll U II • •
_J 05 33 23 \ ue — *H"CO z u 04 CJ CN (N ••
EhW — OS w JS fa w<>•*& -^ • *&T II w
en *oo t— Z-* 3 W«* 33 DC" QO<r- W 3
HQ q .- WEH'-as HQ • a. EH 8! II Vi Z II *« Eh OS
H «-W _+ 33 too eh COH _ was us was us «H EH
ostje-i^ Z us Eh** II II as Eh r- COEhO COeHU EH II
W<!H3 w oas ixsasas z«* CQ II U<3 cj«: CO .«-«
>> o X zehoouww w> 3 ^4 JWW nJ^Wft ^ Q\ H OSS E-t "-TJ OSS 33 CJ ** %* t-5USEH -3US&M 5> W
* wcoous U^AhIHH EH OS u T— «=c<:s «35<CS u -J
CJHfaU w ejus cqehH u V* UZX uzx • •as 33
w w «* EH «^-j:o3 ii w%<* <-Q %* • • US W Q
OS Q3 Cm CO X QZEhWX> Z QO CJ * * * * =5Z W
.. ra CQUSW CO Z II UE-tCJU A-< z l| < • a Q .•asw 33
w Q W CJ> y» wos^<«:zos •• was «*o Z iO Z OEhX .«o
cd w 33fa.<H > COEhU;EhX-W»Z oso CO EH HQ w a W II II EH'-co
=> U E-tH E-t U U«* CO CO US OS EhZ u S as as II >—Q o Q*sl OS h3*«ZW«CJ3 CmH J%* X w &3WCJWC0W ca CO ZO _}US >>WFH *^e-i 1-9 US CO SECOHCO
U Cm • *s:pq A <=u «j fa cj U 33w OSH «=c«*: fa H? mhs<:w
,„ o fax z V CJZHOSCSCJOS WGS CJZ H w EhEh«^EhCJ
p- as m 6H6-«s«s*—
*
face ^MftQCOO
^ Cm <:hcj Cm ..fa** • • .^:>h«os
w H-J ShOSOUS CQ • . Q3iJ a • » auusxi
EH • t W CO-Ch-3"* <y*o ZEQt-3 <D z o Z2K^U»
< CO > CmCQZ >Q W«*»H ia w Q wx<^t>asos
E-t w W ss cj 3* EH CO&CCJ M
CO W :-l H OS CO w «»Ua3WEH
•*» H fa CO >W (^1H
> <c * fa Hfa >-3 Cj33fa*J«







*oso\ *caa o S.*
wen w os H * en
w en O «o o 2= Qui \DZW Q03 EH O Eh- W *
fflHH QWP3 CJ S«CJ
u z>w en xcjo csWIO OM H Q qq<;caz z
XEhK UW2 NJH 03 QjW O
E-tOOi WCJxJJ Z*M en X ••> 03
2; COW \ 03 ** 03><Q3Eh r- 3
OiWCJ 03W* 3W> Z •- O W «*
Sh)H W CO £h6-i \ 03W CM FhP3Eh<- ••« W
X C5 32 tnM W «C «< # OX II W^tfKNCq CJ
Whi-} OS CDEH W —» ** MCUEWCCtL. W
Oin ejenw i-l O CJ r-^^ r- Hocnctiwa =>
HU-i03 ZHHE "flenZ ZZ II CN •• *»• Z03ZPuCfc|Cq oi
sw Hare-" =3 WW <M || O ^ M ««Dfc» W
cnw>z E-ie-tO 03O* ss «*<n .-ii o otnosfflaE-' en
en hw cj oh\ HO *-** was ^ Qj^eh^cq •
w^wt.... ww •. z> w «»*- enen «* os eh** h cn
UQ3U6hCN»- OiHZ . WZ CNen &<A h3CJ > &h<03 »E-iQ3 \OWW *&*& X 0-~. *0SW !*3 (J!*3 <** CJ WSOII »Q <-
Q3ena3^-Q3D3 w tdi03 \pjx cj 03 <:ej &* ai 03 en 0*0311 Q iC
CjZ «*WW WZDO H <Ji< <#»*C II W •• W# Q03< CJhwqsww ena os u x >«^ ehqsw z 03\enciQ** <
03 nrWfeW HZQccj w wcj cj> H<«cn w os-^aas
W* EhCmSX WWW E-t EH Q3U «<e-iHj 35 t-fc WW<W *
E-l\ WCQCQ CBDB« >" X>-4 03 3 S <C \£-it-\ -.Ct, 03**W \
H OSX-W* WOCJ> •• W CQO Q ^XW * II OWW03W
03 OCQ*3! >W-<CJ W W *j^03 ZQ E-t »ll •• «"*CN II E3WWE3 ••3 .-CnWOSCS \ Men 03 Eh > S>£ri <JZ SQ303OW II ** ••« X WCnX —»
03 3 • • * W W^" <C CJ CJZ < XEHCtJ II MCNt-^-W Den** >
w Eh en os ii ii cjt-JC3 Eh qs qso *- ^ososow* ii wsaaoH z
XCJC3 »0303 W HO<!Q en CJ faCcN iiiWHWO'-iiKliiUWOH HHWW || QQ 03 Q3« W ** A •• 03 CJ^S CJ«EhE O^UEhd Eh£h«*S —
*
PnfeasQQ •• ra Enenej > v w oo <:cj <c«:w.iHEH^:-3:aicawME-ien cj
en ><wQ ««< w q wzasej cj 3 h iio «»zenEH u^w»3Shz cj
whdq^^ Q3 w bow< Q3 w os ^-t-3 w ii o *zweh«:>g3 Enen ens <! V*
hJ*«-CQ«j!Q3Q3 3 CJ EHCJEHt-3 « Eh Eh bd<: EhW 2B3«<!nW«(JWH zenoS Q3> ^W&q Q O CJW > X II U> »Eh HEH«»zens»cews:3<ZEHQOX03WW W OS Cno3«a3 W CQ 03 >< WS'H Eh CJ US **:W CJ i,rnOQ3<<: W
woscjwww cj a* wosen 03 y* o n <s ^w h^u«««w3 z2^«w en
XIIEhWXX •• O WEH«5M Oi > 03 •* W >** <!EhWEh enCQ-aj £h en
CJ03HWWW 00 03 m HUE II CJ Q3Z EhW CJ> 3CQ ES * CuhJ^CS* W -3 •- hJ
«W3D»W Vi Oi <«SJUZ W 03 WQ3 »> C3U •-< 3 CJX\HW EhEh \H WQ _S
fc,enaas»> w ^ ehos o Eh ^ ^x x^ ^wo zw«<
enw e^cju eh .. w en<.-?M «as > >eh ms: ^rQ wencj
HX3t>03Q3 <J CTi > X O EH EH W OW«-t> W H AT
xujocj eh v* »4 zuosh en 03 ••qsosqcjw ««m w q
Eh«^Z03 WenW«JHIHQ*^CL(0 Z033O *
> en <^ eh ozz > Q w q w
CJ*W »-3 > «« •» *3QO CJ W W*





















en Z W w
z fa a a
-as X z z • •»
03 Eh w w A
6-t en en e-












• • 03 (N EH < <! EHfa"*"*
„^ o >^ H CJ CJ CJCJ
r— fa S3 03 t--«CJw 03 3 z z II *-**
S3 en <: W fa fa (NUQ
OS Eh fa fa X X WCJZ
*C W «» fa EH Eh r~WW
fa en H «QC0
(rtj w fa •• EH CJ O faZ
OS fa ^» • « VI z CJWfa
fa t •» «s fa H A «ccnfa
fa *-•» u + 33 03 EH w <
<J \ ,m 05 .. Z O H 03 EHfatJ •
»
u + z 030 EhO fa Q3 EH £3fa «-»
w EH II z II II X CJ 3 CJ X«35W CT
z OQ3 •- X CJQ3 fa 03 03 EH CO W W ejen "*"
w II SHt- z Eh WW 33 .. .-WW S3 fa fa fa fa •• s:
33 Q3U II w ehs: EH , ^-S3£3 fa W fa <c >-H WQ 03
z Eh W«*G3 X PO 03 IH m --ii hm fa a H zwo z <
w SfaEH EH 3H Z ^-^-CNEHgH OS H EH enQ fa fa
33 m H-SCU A II w «*: S 11 w>w II S3 enwfafa rti
gH ?HZ» Eh as en CJ 03Wt->X fa V* COHW
A W II 03 OQ Q3 EHZ it <BWUU EH > fafa .» fa
fa cnojfa 3 EH U*aS w fa^fcSQSZ X CJ .-HW Q fa
*c 03 ZEHfa II CJ WW EH <HUC4!m 03 030 zw«c
Z E-t <UIh w W EhEh X cn«:facn W a wencj
II CJ WWX EH EH 03 S3 .- 03 hW^U« > fa fa
H «* Enfafa >H 03 •<SXQ W fa>£-iW> L> >«H w o
Ei fa s<jy» .- 03 3WO Z s» -<uztu • « 030 z
X -< .-XZE-tQ *» cno w U .-OQ5XCJ03Q Q w
03 ZfaO 2 > Puj .. Q30 2Hfa
V* tnQ W U ••HW a q £)</)H
> fa i-l •- 030 ZWfa i-3
u •HW Q i=5 WenH fa














63OH Q .- Q ••>
H CJ X w w w w
63 Z 35 \<! U 03 33 03 33
03 63 H * 03 Z H 03 H 03\ 33 X < x CU H X Oh H
* CO 6-* W 0333 CO X II CJ X IIQ Z\ 03 63CJ 63 —» Z 63 ^*\ # Z H* r> 63 H u* Q >• Q
* * < AH CJQ H Q3 pq oo Q3 63
* OH ~* CJ <z Njtj _3 \pq H
P * 63 £h63 -* <C 03< .*3S 33 EM* 3C 33
63 * H 00 fc£ 03 **» X H Q HHQ
> >« Q 00Z *G X63 CJ'-H 63 CNH W
.» h x zoo <:w x cjh z ** x ^ x
^ (y «CH EX U <! xwx u .wx u
ID CJ 03 Q «<»H HH OOHO 00 OOHCJ VI
— w as ^ sx r- i-i ooo <:z »-* oooz ,—
S3 05 63 CJ 03 H «»<- O OS fciHJx 00 OBX 00
03 X 03 OH 2BCN 03 H> OOO 00 00 H 00 00 00
«* 00 0-i03 O H ZU ^ 63 VJ. 63
_3«: z zo3«s: ,-jaz 003 oos>> u u>> cj
<3 3B O OWOt OU OOCJCJ O ZCJCJ OH Qj Q—. U\ Z O0303 03 XQ303 03
t-3 > H Q H Zen # HO *-3 Oi • - 00 OiHZ 33 63 * «* <!|W O 03Q «• —» Q3Q «* —
.
<j h U 00 \X CXi X<- ZQ 03OZ U Oi 030Z U Dm
CJ U4 <; H WD H<N W O0-i<"3 »«4H 33 OW-C »"H 3
* x m Hi*: * oooo \*, incj? ic h incj ii
z \ w x >«o ••Qt- m<j * &105 no o cues no o
W Z On DoOW X ^33W Wh-3 O «3W Wh4 o
X 00 O On w_q<NQ400 03 QCJ^S H*^ »-3 CJtrfs: H<ft -3
H Z HO > II II Q-iC3 s->Cu OJWOH «aJW •• w WOH <W •» —
*
^ t-i fr U««04<=s:W >mD 00XOH H=>Z r- XOH H>Z CN
S VD O CJ Q OSOiXSO 3Q^ 33CJHV* 00HQ3 V* UtJW 00HC3 iA
03 — M <C Z *"T3fe«S CJ O S» «*W33 W > W63 33 M
II S X <4 Z II i«3O00H *0 H I OU >UH H IOO >CJH >-3
W 03 OJ 03 t.oO-<Z Nj^l »«0 QQ3 CJWW X Q03 CJWW X
H -a: O z W X OiOHXH cqz»- « Q30303 < CM *«. Q3D303 <
fw H H HNJH H XH «H ^^ '"^ zt,c:: ,,>6H
03 <; o •• a#x irf'-' 0063 .«j«:ocqcqo •• QM oacqcj ••• an
Vi O 63 Q3 X Z 06j HX CNXH 00X63O ZZ 00XWO ZZ
> ^q H e-»Z6363^ 63 OH XH CN< 00 63 << H XQ 630 <3HXQ 6J O
CJ i_3 >h63HH> > H H II HWOOCJ CJ H CJ U H
Q363«3 03 XX63-CCJ 63 «— Qj ><; « H Ui H
00U 63 WEhOEhcB 6^ * 3EUU*0^ CJ #OCm U
63CkH S>Q 00 II X H \ iiQ303\H <, \H «C
00H63 •• H >uoH 63 H "OO * •* **
h3 O^ 63 CJ 00>H H •• Q06j63\'- Q .- Q
63 *<* CJ Q3V03CJ>i 030 Z(_3D300 O Z O Z
63 63 <«• HOSX «JQ 63 63<< ••O 63 Q ^
£H 03 H636* V* 0* 630jCJ
<; 63H > COh * o-c* o rn i-q* o



















no v. >* <<
3" * W X H
w \ o z
EhW W # X W
-33 E-t E-t H Q \ X •
£H«C X W H Z * Oh Z
COEh CQ EH 03 O = W
CO X < O O EH
> O-ffJOicq 03 Eh
U> & >-* CO W O MXO W - ^ OSW Z 03
03 \ O CO W O W QWW H 3£
| # Z - W O B\ W>X Eh 23
| H Q M Eh* £hWX H X W
m cn tH \ yj • lu uz x « =c •-
^ X* Z UW WWW 3B «S eHCNl
W Q 23 MOO ZU M33H .. W <«•
COW Z WZ EH Z Z MZ W3H —. W 03 *-«
<jco <ehoommcow en m ^ as j «w
U<j FhH W Eh Eh COX On* OS O <! BSBn
u in <seh oi o o wa wj eh q ww
* «4 X W W L)W XW<! X C0\W33
v # z im w 04 a* o co eh co ** * - # wx\ W .- H X X 03 EhS Q3 \ EH =>*»
w«-» mz i w w ^4«-i zmo w h m»
...«\ 3cn no o o 03 w z *»x
-^^* EH 03 ^O I ( I 03 cow WW [ 3 •
CUCU W I WX EH —«W 3 X 03 03 IIXXW X EhU II r» CO OMZ WWQ W Eh WCO .03
v^ts-H W <CZ II II IIO SDW «* WXIIQ00< COgH H>« WWW WCJ \ MQX 3 ••« WW05Q
OOEh M«* COCO Eh Eh Eh EH * EhWS —t-W = WQ<<
hJJVI.. £H ** <! -J <«S «*Q- =3= « fa CQWQ«»
^-~-OZ WCO >W.- Eh«- EH.- EH.- £HW •- Z \ «CUQ W + W r=^«
rrj^uo Eh<^ o>u-) co^o cor» COX COEHC^ Q * CO W X wx^w
«M^XM <> «W« *»** ^^ ^«* ^O-W H EhWW WXW .-O «WWW Eh EhU HW >W >W >W XW Eh <C3X X£hW O OiWWJJWU cox I 3=^ UEH UEh UEh UQ5EH CJ m^W IIXHfcS
XXC0«5 II U«S 03<< «*C 03<! 03 «S < -fl W WXO <**ftEH 03EHWWWSS^S as". O^EH H Eh EH 35 EH 03 ZZ&H WffiH MO^B«
EhHUE! wz co *to «^o »to -»oco w x o<: EhWX wz xw
ii it x >o w ** f-<* <n«* mw cr i w to a •— w hW3 wwz^ehZZWO MM CO > > > > 0> < W W« XW XMWWhHOOOW WEH < U WO WO WO W= O O COO-* 3XA 03 XEHXMM « UO O « COX COX COX COEhX O WM «C WHH3;
chPh-«-W w<<3«<«!< W 03 Eh>C0 WWX WW X00\2 03^ * W OJ OM OM O-CM O - •- CU XWW ^3:^ EhCO 3
.^j #w <C •»<! * < * < *Z< * M 03 CN » OKW «* *•QM \C0 O XO NO \0 \HU \ O X COEhX ^EhX 3\ M
zS < O « M WX WXWHO O .- M W W EHO.W Eh«*W
..
^ X W O > MEHQ3 MXW —
Q O Z W O W K30 XWXO5 >< w ^ x m sos swoaa
M M UM U4*»
Oj U •' HOW X * * <«*w






rO-3"LDvO^OO<TiO'—(Nri3 LDvor* 00 CTiO r-CN on ^-iDvof-* 00 <TiOr- <N en -=T U~l ^O P~ 00OO*-CMmcr U"> <Q r*~ CO <3*\O
Lnu^Lnu^LnLnu^^vDv£>vovo^vo^vo^r^r^r*r^r*r^(^r^(^f^coooaococoooa3coooaoo^c^











H N z\ O * <a
* z
II * &
oo w w o
zw u u EH uQ H 1 CO CO • •
1 w > 9C \ X Q w
w w w * CO H s
cuz Q •» hJ Eft i-l H
• * w <r>W o W CJ w •a; H
r~ WW &HC0 to z CO X > •
*& MW =3 M z £ EH <: O
03 ens Oi«j: o \EH aa CO
W Q EhW u * M CO EH EH X
W ow X II • 33 M O Q <<W 6hx o~- 03 O t>HC0 33 O z CJ
X U Q o CO i4Z Eh aq <c w H
CQ ow zw E-t x\ z< W Eh HW uw Uh) •44 * OC3 H^ 03 % >t CO3 03 3=3 03 a EH W « » CJ aj o
05 * HQ W w O CJ 03 * » z
• N W Cu EH =5* z EH \ EH w o
II orn o H m\ <s: .•S3 z Kfl
as z COO H w u ^-JX » o HQ •-W SCO W S3 . a z«* Z Hi QQ WE w^- X C0^» \z * -SW w z Eh
< CO Eh QC0 EH .ZW EHW \ CJtSJ 33 •-o 03 X
«T -3 mco W«5M CO 33 —
H
EH EH U w
OS <o sw \ XC3 03H We-i UhJ 03 1 \ Eh
w ••W II mu # O^EHrJ Eh z U< - <C * W C-l
W«- II 03 >o Q3C0 *C • w «»M aaEHO X W
Cm II aw CJ« WCOXH 03 Eh X OEH - coz Eh MXXZW 03 CU WhJEh • « O- Eh ZM II WH •» »-J
XEHHW V* • • w cosehm W W || WZ S3 03 33 w W O t-JW
a^CUEHX EH 03 W 03 q zz EH ^-. - COM W H 03 03 ^ wz
W^»MCQ ow 03 3 Z3WH >H az CJ EhOO =» o xo
EhOSOW ZE-i a Q <WQ3 1 X CUM • M J UEhZ a Q CO
HWrsW M Q W XZQ3W Eh**> •• II hJrJ < w W w XQ
Q3W«»Eh W03 W u so 303 03 03 EHW 03 <*a 03OW u CJ 'J zz
rswwn HE* •- U o OEhu^ w HCBD W UU «3JCJC0 o o < WW
rj^cs Q o 03 UH Eh C0UQ3 Eh X h-9 •• 03 OS CO coco
UCQH3 1O Z 03 CU :BhJEh U Z II H U • « • u W 6H Cu cu CO
C0W6H I3 w Cu tocowo < H •• II «: • Q o w • • «•
i-JCSCOW CN HZUO 03 Q3CJ? OSO z ft * cu • • CN s: <— CN
w H t t W«SZX <c * wz <:cn w H \ z EH
6-» -J 03 03<W 33 N.EHM X M 3 -3 CO WW
• •» x w CU6HCJ03 u UQ u w y* cu W B-< Eh&hQ CU > 03 42 CO 03 =H > X «a«c
z ,„ x w W II II II w •-Q3W w h4 O 3 w Cu EH Eh
w Q3 H J Enenua 03 Z-flCO H w &H O 1-1 EH COCOW V» z «c OSS <: <«• X
H 03 H H 3VJ 1jJ U3 U3 oM o CJ £H—" rj W O




z CU z CU




<— cmm -a- in yo r* co cr>o «— cmm cr in \op» ooiro t— cmro =rm vo r» co cno <—CMm^mva r^oocriO'- cmm ^ru-iu^c-co
OOOOOOOOOr-^T-^-^-rr•T-f-^-c^CNf^l<N(N(^f^r^l(N(N^O(1^^nn^^r^lY)f*ln(1r>93 3a'^3'3•^'d•














-~-' iuzo uw«CH\ \ Q3COOEH - <SOWO
* * ••• ZCOQ M«< «C0«<C0W
w owotno^s wcntnws
« ai co mEh wzho owcosk
w w >_j on >-t cow <*a tH <sh w
H W •=« (OCDWU Z3 M SfllH\ O >-) tn h HO <»0<: co-a: a
* <fl CO II SC5<032U W «6hH
05 ^ OOZt-lCuO W SC>h O
(«; O Q ZM33 HSH OW 25
as H w <jeu«cod3<: a ow<
O hJ 03 *a! t-3 W CO < EH M« W\ OS H03<!E-tMhJCO ZW03QW
* O O Q WOEhS^S HWQOH WW HCO in «a3U6-"H
S3 E-t Q 33 OQ »SZZ <USC5
OS CO S. SB O <aW^.C0i«SW'< W03<: 3
rtj O * «*! co ooacuzosx o<«wh
H z .. w cowcq<e-i3co x<ixa
<; CD— A A CO WW 03 H 00336-1=
ejJO 03 W CO 53ZQEH03CO Z O H\ ,_} HCO O >-5 W \ SB OCOCO HO ZO
# _3 QS3 V V U * O CO «=>S COWW CO ZZQMW
W .* «* O ZEh W UW ZOCB 03Q CQ EHS &H Eh 03 W HQ3 sJWOU HOHE-t
W h3 33QS 3 •• O ••* E-t \ OWX3JWO OW33XW
CO Hi-3 CU< 0-t^* Oi«—»tft «C * O CO EhQ 03 On 03 t.WC0c-tW33
33 33W-- E-tv-J«- H03.» E-tWH Eh EhZWW«3: CUCOUQ EhE-i
OioacM 3<:m 330-a- a^a co 33H 33*-jeh w osos
En Eh'— II O'-'ll 0*-*ll O^^t O *OMOOE-toOOOO
• O 336hW EhW E-iW EHgH EH •• W CQW<iHH<!Zli<feZ3
Q3W •• 2S 033EH I 33£H I 33£H | 33 33 33 W 33 03 •H >EhOEH1-H M>-*(jhw o<j o<: o*a oo at ca=3 o-*w *-a:330cocoooo")co
p^ o <-*^EH CNfe^H rn^EH =t&HA Eh 33 Q WW CO O i-5 CO 35 Z CO COqq <d EhCO EhCO EHtO EH03 33 Q W S *« W OWMMWW
325 H W WQ3fe«* WC34^ WQ3<^ W03O O WO COM s: EHSQ3 £h Z O Eh Eh O OWW CO CO COOE-t COOtH COOEh COOH •« O O ^<36hWXOOHHOM HO O
tn to vt ** < a <33 <J33 <}<! wehOqso uaoEHsa^os^-cocjs
EH O Ot-lCn Ot-3 0i O^JOi CJJK CO 33 03 Cu O-^* W-*C0O(ii3«3aiai
.... 33 h-IEh H£h HEH HW < O. Oi h3 HEHCQQ3Zh4
roc* d. * * <33 # -«33 * -SC33 # «C Oi O EH CN 036hW^ W<kJ . . . t .
E-) \ \nn XOO NOO \00 = • <QWC0aiQ3OT-CMrnc3*LnW (jq O WOOi-JCO Ht<OHU-i
cjbi q .. .. .• •« O m H W QW * O
<jS Q - Q •- Q — Q 03 O > HfcHHMOWWW
Eh Eh W O ZO ZO ZO Z*OOW H>t«OJISI
COCO CO.-Q tUQ WQ WQ W\HhJH 33W COW UJ £HH Eh
^ «aj *^ 03
u .- w tnQ W H














*S «* N. OS
* VI H
Pv, Z a EH
O HCO\ - Pt, EhtQ* coz ox \
3BZ - W *
a: jz z
pq . 33 W H r-
-ajxpq COO W
EhcO U Eh CO pq
SB h-1 W < W H
hco«s >Q « *c
HPK <= W Eh
CO X*S OS * CO
- COCO - \ZHZ WCN •« W •••• O
33(23 3t CN 2B <— UU ft
^H33 W II II 33
—
En * E-t •»« * WW «
Sm Pq ..\«C OH \ •«€-tH O
max «- E-t ii <i o<< «*
pq \ ZCO Q3 6-t \ '-Z II E-tZ 03
QCSEh * + WW E-tCO * «-W XCOX
W33HH XE UW 33 Ehv*3 O
3CJ W WHO WS - +6H USCEH OOO «» ZhJ E-i W WO XX WOW
hlON W CJCO WW cq- 03^ ZWX I «-
1-4 CO S «» II O X En II II
OCOM EHX WXEh •» £*>« O ... S pq
WrtSC* E-t WEh •- Q H W« .«• Q O •&<
X« XH II CJOO 2 XH Z£-tO Z W O <!
co w «=cx cawuo w wx n ua w u s—
•
jj qcox co«c E-t Cm U*»; xw z xco
E-t WHE-i OCU OW •• OOa EHZ <3 E-tW
>h \ pqXO II W O II U OS
X * Cm EH W XQ WW II x£5 »Pm H wo
E-t pqQ _5M 03 WQ ZH O ZW
^ pq Nb . >t E-lO H E-tO 23
03 03 ZH^ CQ 85 CJ H "<J O II
W 33 H Z W -SX'.- QW <X.» Q* •- Q
E-i Q t-J>tH 03 X X«<0 ZPn Q3WO Z NO Z
CJ W h5Q W E-t rtJCOQ WhJ «S'JQ pqQpq
<: a cozo E-t xo xo
03 O OE-t U r- CJ MO «
«s a « 3 <! ii » co * co ••
X Oj OW-3J X W Ct.\ hJ Ph\ tJ w
O PMS -«« EH H « H W CO
mz x -aj -i
W COEhH O Eh •• IT*
x hJ ic: co** Q •- QW\ x pq ocow w wo z o »
* Q > pqzO X SO W Q W2=
pq eq Xx-< «C O CB
O -3 oxco i-q pq W =
O EHCO CJ CO HX * * cqpq pq Pn ^ ^










* * # *
z encu * e-t x ••
O w«c h —
.
H UH r- 03 W \ X
en «* < eh * w
CO CuW £h Cu X W
h eno o ft w o
& i-3 Q X O
en WO en \ Q O •* QZ h4Z -* O V en Z
4J 03M Z en <<
03 XZ H E-t E-t Q W
EH OZ W 03 Z S ~* tt
oh en w < \ E-t enO3on2 en Q * s <
O *W O » Z W W X E
w \oa en Ehhc-3 h w «* » \HH E-iO O X *
U Z5H4 55 03 * >-J M <J \HH
en wx zw «< \ <; sen # a* m w
SB XEh «*X ••>•• OiH « (/I W P3« H
6H H<Nt- •• E-t Z pq W E-t <SW -C
St E-t E-t W*» W x: M < X OX OiEh e-»
W W-eC :zn-Q303 03 en Z 03 4 CQ X W
Z U Ot^UM 33 «sj H E-t O CO if* QSffl..
<; osww en s z en £h owwh
pefl Ot QWWW Z W # \ < H WW HE-»X
en ZWXX w >t \# O so ws>w
e-i ii <ewcqcu Eh WO II ehxcuz
03 —» 33W* * H «-W O E-t W •• XIK*
«C £H D303E-iE-t \ Q3«*WE-t 3 O WZX—£hEh
Eh S W«* • • <UH<! WO »• EhWW^SW
en x wE-tii ii •- O.E-IXEH Eh ~- w xxeh—xen
^%. w .0303 x SHoacn >* h z eh xeheqs
O O 3)||QQ W Q3X«* cq W •• <i X «• XW + *
EH EH CQQ3QQ.-CV. O^EHH U W U •• X EHZ || W \\ e* q<:<xo Hax \ Q z en *-w swwwft
* o w SQW40 wxxw * Z < H^'-Oen Q X>EhXX«-
z E-t wsososeno hx z o U «c<-U.-J z —wsnx^m
W H X 2»WW || Z !h II + W U W II «*«* O w ^^tU 1,
03 03 OSWW^^CZX^ =-t OS W * II WQW CJ II >m<*UEW3 H ,v* <wwwr- uwn-jy .- 33 en \ oehzii W WHEhMXEhW X <i EH CuDD >-W X Eh *-0 en WO «a3*<WOenEHMXOJJ><
Q3 W * W EHWXXO3EHE-IS03 II 03 W W Z JE-tenZ X03XOCmEh
3 u o wx-f*«*w>i xw.«* x cj x w wen h en x<< >-3xen
q o en ii oxcjuwmz ii wot\ Q O eh x wwjq en ^Qj <a<a*&
pq 03 H • **H_iHW**WWWX W Q3 g-t 2^h52 W Eh i-^->^
u Oi w .-woooxe-i>6hd^«- cj o< en «s:x«3:w o sw ssx
O t- Eh zenHOOXXWS-XEHCM .- o wo uxutn O XH XXX
03 m >h oswoHjhJwx xws ii r- 03 no en <: os
CU W X 3)30^«ftUll XWUXH %* tw en J ••ft V"j m ^j, e-< 03 ^ Eh EhHW Eh Eh H^EH W _5 W W •• Q •• Q
.. W -«J Eh WW^SXOEHHXO II ^ H • W U *^0 Z* Q Z
r- > EH S3 CCXEhxXOXQSXOChEh <! CN > O ZQ W\Q W
«» w en x ehs HX-a; wxen eh «» w os <
pq h-j - ox w^'WCu ^-w^ tn w >-q cu u w
.• Eh tfi^tSri &£*tr* ** Eh en
a <3 * * W * W t-?XEW SXS Eh «< * * W hJ
O Eh \ \ H \H WXXM XXX X Eh \ \ H W
w en x en
*» <*
25 S Z X















O W OSw WX V en
H S3 O **o X
W z X wo w o
w o U^n XCJ Eh • « z
ocnw u en Eh X „«, H
-CWXWW WW en X z X X
en Enxen wz w<: w w <"• Z
tun e-t ene-t W3 H X un oWW W u S3 •
•
E-t X
S «WX WW x^«. X *m, i en
*XO£h I« WO X X w
oenw Eh 03 Eh en a <- LD w XZHM^Z O OS z =r m EH XH UOH XO w < X oOH<W X «o I V X uOMXenX 83 XX X «*
Eh «« W idCJ OW « w w EH o
33WXHEH ow uo ^- H EH 23 zOHUXX OX o X X XWH\ WO JE-t V X X *-' 1 \
W . hco* XX W W rv) *
x . j 2 oo eno\ w EH EH w X
EhXWXH HE-t * E-tZ Z3 23 X w w
wtnx WW XW X X X EH o
l*«E-»" Hd QO XX XX *"* m •- o <OO XH • WW HEh WH «™ X ow «< en
«SUEh S*S en en e-t W z ox X en
xxz xu XX enw • S3- X «a: wx <s wW4HWWO \ ehow XX X WEh 33 .. S3 t «»EhSQIHJ * * * w tn a be .. X w OW —
»
UUZEhUX \\ >• enww Q ow o wz en W z
«* O < w w E-t3 ZA ox m enx WW w .. <aXWXZXW E-t X QXX <v w« II x s<: o W u •-
V <EinH«3!Z X X zxw WEh A WEH WW z en —"W
* XWW XM X a <J X xw w WW <: w '«oen
u osau^ w QH OE-i wz W enx xz o ««t-OW
W XXW w U wxo ^x enx E-t -=ux w it w«:
X OHO^hIW X o XH X II x X •-XX * II wxw
,„ 33 XWUXWX X X ajxw AW WEn X 1 * ia EH \ OEhz il
w Q h*jj wenen * x x en E-t en H WW WO Z# W «wu
03 W E>wtn w •« w ^W W33 enx EhQ 1W\p5 z WEnenz
33 u H 32WCn EhW U 3- en <J E-tX S3 w wen wQ o <aJ6-iHXO XgH o zxw X • « X W •" X WWWQW x W E-t XX X w xw XX • Q en w EH zEhwz
(J x xenotn E-t X X w xEnen »ZO z W w s .t3:s3**w
,„ o E-tHE-tM »«0 w > EhUZ Eh<X w W w w O oxoen
CN as en i«i >-a W83 * • w w-sx s «* «*
*A Oi coE-tQaucn enu w 1-1 XXX X w u: W ••
W 'w SjSMWWO w s <3 6H en O W • Q
6H ii W CJ EhehWO wx w * * XW. w w w WO z
< 00 > WWXUXZ XU w \ N.OM H w X ZQ W
H w w XMW-U H «s ^ o *fl
en w W U >«ws W CJ o W
w e-t U2<Z< u w X en







rn^ui vo r-» oo <T>o t- cn rn ^- lti v^> r» oo eno <— <Nrn ^-10^^00 o>0'—(Nmain^oP^cocno^-cNroca-invor^coo^o
o> cr> ot en crtcr* ex*oooooooooo *-<—*-*-<—»—(— t— ,— <— cs csicncn r^ cncncncncn corn roro on mrorororo =3-










«C H X£ s h
CJ <J H
Cm qs .«
Cm •• «s &q
S W US .. Cm H
M 03 CO 33 X
33Z<j3 Cm ce '-coQ COWS -KM OH^t
O Z33W- MO HH
O WHX W MXE
cj h coca hi-ux
* \ZCHt-l <zcqh^
. •£> CU CO ***&! 3=HX »—
Z BH CBM^E 03
.-« Cm QS + WX X + WHE CmXO CmCQZ II Cm ••
' EH OH Ctid-cWPaWCUCtivOX H>Jffl3H>Hffla I! ••
OCm z-ccoh^x cqh**Hii
ehs <cm || su || x^ecjucm
w«* m w ii ohhs ii oh-*
HU3 WE4W&OX£C«fl(OXE-i
XCJ COO CQh-JCQkj: CQMHCO
pqW || 3 WWOi 'rt-^*^^
^33 M HHH EhHHH
HCJ WCm SEECm SEES






















H -35 • «» S3ON >*H XM* ^_» USH >"—
H \ H COX E










t i <; H tHX 6C
wco en «ft H II u
CJ3US en ua 03^-. M
<:u w H <03 •-33
COO £2 X CUH »-u
COM CD. U *"'
wca O V* 05*^ ..+
a z H OHM 03
w H W XH03O
os= O O WH>tH
25M O II H«*ojcj—»
• •» MM H t t >iH^WN
_,-^ o 33 CtfZCQEHHCO
00 ow O • a HWWXSX
Eh 33 ^^ >t33H*-XHA
s =H H" Z CQHSQ3 y*
03 O w • •> «s <& XW + HQ3
< Em U H CJ — HZ II Cm SH
J \ s=o z CO —ow SWWCmCUXCJ
«S * «3} < M •-(JCO X>H!=»':C1 II W
z CJ ««'rUM >-1iJXCQ^0HH
M w CmO Cm II v»-< >~' CQt^HHX
.—
i
OS OH .. * II WQCM II X«ftUSUH
Q** ,„ 33 H M \ OH 25 II WHHMX^-^ ••ZU W Q HQ3 H <j«CWO HHSU II HHO
w 03 W XO 5H z MHCOZ XCSXOCmXSQ
w 33 u WCli 03 w CMCO H CQ«a! MCQHX
CO Q o H nc ^*^MCi f^Oi i^fA-^—
»
M W 03 _} ^S H ZHi-JZ H HHiH
w U CU cn«* U «a:S<«5W -CCm SSSCm
.. o wz w o CJXOCO XH XXXH
,( m 03 rn coo 33 <Q y» Oi COH u M • •»
Z W ~i WH Pn • « Q ••
w E-t • t w CJ< w «*o Z o
««: a- > OS OS ZQ w Q
EH **» w OS OS <: <3
CO w M CUO M u M
V» EH Cm CJ CO
H < * * z UJ PK hJ













O + O.Q3 CO W co\
CO wen s »• II H*
s 03 Eh II
EhCJO 35 EH 03 <~
03
•-WQ3
W SB CJWZ WW EH OiCOW \
O W .» WHH
II S EhWQ
Z II U +W CQZWWHW * *
a "-.-JSh xcoz 03G3* •• EH 03 Eh 3 O
z 03D3 EHWW OEh •- X EH S3* CQ WOO o
w WEH + WHCO WCJ EH CJ x\ 33 52 COWU HO w + W ««W II V* EH s
w Z EuWCU .«EZZ WEh EH03H —.--o CJ3 w DHOWX II W EhX 03 23HX 03 03 EHZ b
E-t X CQXWW II NS -SEH EH XWEh Eh6hO <JM O
Eh WEhEhvJOSUEh Eh** U "-* W uuz O
EH CJW33«*EhH CO Eh '-W 03 + Eh WWH QO a
< (N HEhXWCJ>*J SXEh W S3 EhEhZ WEh z
ao OS II II WW** EhXEhX WOiX xxz 033 w S
w OXftUE-iQS W*-WEh • -U-.CQ || EhEhM HO *
03 V -H BZXi«|H IQQ5 W inSWOS ••wwu 3 03 z
W tJ^ t& r^ £H £H Cm W + Eh II 03EHEH WEHfiHWZ .- ow O w
w 03 6h HQWaH * W 23 WW23CJ =>SC23CQWW wo W 3 .-.-X
X EH 23 S2H&> \WQjX HUXW 03XX 33 03 EHCNr-en
U X xwssz • -a 03 it <!H II Eh EH"—'II Eh£hQ3 CO ^ WWW
* W C0XH&-. r-CQWOS EhOOjX • «|| aSQS-a: Eh C0t*3 o •-03Q3-\ E-t H II WEhEh COOCQEh OQ3WW ii II 03U w www
X .-wcjecj WHWW || WWWXUH WO 3 05WWEH
ss Eh • •> 13^HX^ HWEhEh 03 S3WW £h «s3H ^yA u WWWQ3
w WO !2<<U II Eh 23 Eh S3 23 WH33UW<! (JCQ W33W
33 HO 1ilHOOtX xsxx 23 6H0JCQZO3: < o tt,PJ03C0





fee. Eh £h Gh Eh QWZHIH EH53 3M a W • •
U W asss O ZC0"«s:OO HX UhJ w Eh || II *W H xxxx •• Q W2WOO O CO • Q3 03\
33 • Q <3^k-J J 2 ow 3 II QQUO zw WOWW *S ZEH Q3QQ ••
D wco EhWEhEh \ H«« * q«s:«s:x
fa _5 sxss w # SH \ a&n&&














Q o H 1iiWOCJWW OS O iiDWHHh
U CU ZW CJ 03 U O O 3
.. O MO w HOOD
•=r 03 m CO 3 SBO hJ t-3W
w CU COO UHO^WU
w H wz :ZHEhEhM
EH • t w UH w WSJCC5
>< LD > OS 03Eh£hXXO
••en W w Q3Z <WS W
am W i-5 OiH WOX WW
zw EH o CJ CO EH
WfH <i * * w w-» w hJS
















































































osxehxx itWW XW .. .•«-
PhEHSS II XOi;3-S2
X S3WX X 03 II O3X>E^3^CSia
x *-wx aa enh uWw (TUftEU't












































































&3 -4t| + WWOCa!<iH«JJ
hUCb XX II WUS3
XCOXOiXXc323«3jcn
r3X33XX33XHW35&H •-































































































































































































































































r»cocr*o r"rsf,r)^'iD\x>r^coo^O'—c^<^^invor^aocxiOr-(NfY">.3-invop~cocr>o«-- <yim^\f)^or~*co<T\<o*~c<irr'\^p^m^^^^^ ^^^^^^inininLninininininunvovo^^^ovo«o^^r^r--f^r~r^








•• Oi X WH -*
>t *«• U *MCO —
.
e-t Q3 *:w .^25
H Q W hJU CO WE-t
cbow w oobw xa.OHM W XMCOW ffi«*MX X E-iCQOSO Eh«
03-CQ m z mo w
Oj&hW «* 0<!W« II Cm
<3= E-t U ft WWQU C3W bdX
x co 03 wzxu cjw
EHt*: O CBMHM <W
U>t *<S 0\ \ WHOOM CN <a;zo* * C3*—
EhMi-J ZWCSHhJ •» \ 3 03 ••
CQ-C AWXW ~-» * 5BM MWr-
C) U VXW OH ^* WU HW3WH\ E-tXE-iWM • *- W SO MW +
HZEh* 03 E-tOOSSE-i X X 6-M «SXQM«3 H-n ZOCOM E-t OI 03 3TCQ03
03MS ft*-J*< EhZS \ftZW 03 <*AEh
O o **«mwco*«:co »<anq ww e-<ft\ \ U—£H XW X XZ CJ33 WZ ZH-&*
* * UCNX WWW- WEt< XCJHW WM W5EX
< < WWWWX 03 W >— X XM XCOW
c3- m »• • PuxcnasMWEH E-tosr^H x ehzw\ WQCO>t XX «aJ03 UK %*W <:Www* szhq cawOti>wo <swaeh h^ «-«s
to to MW «* ^E-tE-t*3! 33H XW W M£h II E-»CQ
«*• *jj W EhCO W HM XW3 <<X.-*C0 £3 «^-*»
U U E-t •« ^-TC iti E-t a: ^^Q3 XXr-W VJW E-tWH ~.
ksJ -<OQ tOU E-l W U** 03 ==0 Oi6-t|l Z
# ft En \ HZCO QZWW XW 03+ < *^XQ3 X \\ \ CO * 6-t WM Z«s:XWXWW M«3j * 03W «BH CO *& <XCO «3XCJCOEhWX OEf\ HE-t W^CM *—
E-t w*Eh6hOWXXCJX >- 1.QW W
s: WHO-iS ^.11 COOZX E-tZ E-t II CQ WZX E-t
.«, .. x W ZCJE-tCO CN'tWHWXW ZOO* V XWW X w
^ in ca o«s 3 xxz hJ x ouw w meow x os
V» «<» W X Q3Z E-tE-tMCO E-t 6-* U^-O •• 033 «ft W W •- X
W W CO •• Q CO-aJXW OiOi-5i<i03M WCJO HO E-ti-JX Q W Q
gH En < WW WXCOX *«*Z CJWSW ><H II II Oi t-303 Z 03 W
<fl «* U 03 U E-tO EH CJWWWWCOO ><•#»- «*Q W<C*» W X O
EH fn X O >• —» UM>XWZ QXr-03 Q3Z HUM CO Q O
CO CO W •• Q 03 XhJ^OW ^OCJX^SX ZWOSEh WW W 03b^^O CJWCU OS A03« XQ3EH WQE-iQj W CO •- M U ft
EH H M U COQ303M VW-S «. £hO COZCX.*^ W •• Q M OS S * Q O CN EhEhOEh W Q CO Z W«U X* Q Z < •- 33 CS
X x \ OX MZ ^-wwzzww *couu m\p w u X 0j
M ft M SO »>• XXXWCJXM \ U <* W •-?
hJ hJ y» W COOQ03 EhXEhCOMEh J— •- H W Eh •• W
hJ J eh «« > Z ZW Cm<* r-0 W ««M Q CO Eh CO >
<C << H 03 W <; <-Ji|> **6h* ocowx o<sw Z W J M w w
u u s w m x^-cow uw\eh<:cjeh xum w m w s u
CO 6H EH U
,
Y) ^
SS tH ** W « !*
-CM V> <C W
-J







to in in ld u~) up inm in in ld tn u*i in in vovo vo vo vo vo vo vo ^o vo vo vo vo vovovovjavovovovo^^^vovovovovovovovovo
HHHHHE^HHHHHHHHHEH6HHHHHEHHHHHGHHHHEHH6-«6-<5He-'6-t£HE-"e-"E-ieHe-<HE-teH6-teHDD3D3aaDD3DDDDD333a3aaDDDaD3a3DaDa3D3DDD33D333D3




t * EH w EH • •
.-W II II II W
wen _« _ \ — en • *
33 hJ X X # >« h4 w • •
03 <S a Q Q <c en W
w HW < «* en «C w H-l 33
encc\ II II w W 33 w n <: 03
en«i* —w—
.
03 03 EH 03 — w H
w XX V* «* <S zw X n II
cjcn ao w W EH WW Q ^^ _
ow t <z*z u u en 33U «S z X X
O3CJ05 WW H H EhH w W •- Q a
CUHW 03 03 > > 03 > OS X33 <: <i
>tj ZW-¥* ZWM w O —^ «^ HU w wMM3 www U4UJ c-j W CNCJ w z 03 03
z>Qa 33UU 33 >— ""«" V*-* CJ —
p
«A «*
H W £HMM eh en en 33 —.^0 H —CM w W





w w •• DOWH H
UHcn cnqq (NCJ o 3 HU a 33W Z03 33> >
W * ,«-»^»' Z *o O a. 330 "~" Z HCu izjathW w
XhIW —.tn en W —023 Q3 OiC3 en w <: CUU Q Q





OH z ^-ww EH *-^» W 03 M«ft w EH —fc* awwen enWO w HUU H03 03 <: ^-U3 u WO oauHcn en
33hH"05 33 Z 3300 W 33W W CJ 03W O «-s 04*5 ,<HOW w
E-i O E-i W 04 03 03 Oi CHEH 6h OEH Q3 ^_ «<S CJ>WCJ U zWW 33 ZOiCU < ZH H w 03H CU z en H II ^-Wi-JO O wWH Q e-t H**t* H MM 03 33 03 «* w 33 •- %^W HQWQ3 03 33
O X W *-Q3G3 «* ,—^g 3 EH H3 03 33 Ehx ou 33-fc^enai CM HWQ E-t x 03WW O 03 O w Eh <EH <H cuh-w**^ &*
OjW< U E-t OHH < O Iy t£ Z 1a eh EhH S> Z3HU V X
ocnw W EH Q3MH ;£ 03 1n U IJ1h4 Q en ii ^-W HOjOM H H
O 03 i-J, II 03 Q3 II 1J W W iJ 03 W ««w HQ ^-ZZO O H
hIO w W Eh scat w EH 1y X H 1a as EH xu aaw^ HM II O O IIHS en U o u O u U EHH CUH O WH HH" W
X W <** H z w H z * •» • • w H> Z33 z U«» y» O
os en ar EH > en > < • i=}* Q J —
«
1—|Oj WH H H
Ba«En O W W x4 WOW z\ z w HQ ""SB w >M H >
>u ss a H W QOM iy w en 33 «* HH H wa E W
www «* V* «* CuH o Qen en Q
art*: A EH • « EH w CH 333 3 1a W3 z ¥*
WUQ3 V 33 Q 33 en • « O HOt 1m H-a: <s! H
CJ «=C ftlO 35 0-1 hJO Z wZ w >-j 33 03 03 33
Z_ S w EHQ W EH » WQ II HH H 1a Cut* H Oj
o • u 33 33 w O z Z
03Q H O WO u z W H W HQWZ > en H tn 1n
WhJ<S W w JW > w N* W i-i W
53 33 Q H «H w H w H W H
G3QX «* a
owo H •a v* ••fni< 33 « • Q H • « Q • •Q3UW CuO Z 330 Z O













E-i • — • •
• •* II P4 • •» W
w M cn w cn3 >H HH 33 hJ
« a «* 03 <;
EH *•» <: W H Cm \
II w w II II II W *
en « _^ «., ,_» X
X i-3 «* >« » fM Eh >•
a •=c w Q Q a Q
<: Em u *< <S «*: W <!
w II H W W Cm • * H W
a ^«, > 03 03 03 • •W 03
** SH W W- ** «* wen W
w Q Q W W 1X4 331-1 1*4 6H
u < »-» U u U 03 *C en\ O •«•
H W cn H H M EH Cm * ZW
> 05 en > > > II II • «k o en
W ** w W W W .-,_,—
,
.-.-w EH HvH
a w U a Q Q Sw>- WW33 W <-*
zw u 2SO «-* Z—' ^^ QO CO =3 03 Eh Eh enw
win H 25 WOS tn wen cn <s*t: 03O3EH 03» X II
33 to > W XCM cn xen cn WW Eh Eh II <sca tm.
EhW w X Eh«* W EhW l»J 03 03 II II ^ en * >H




—«W O —o o www >">*Q !K <
<— CCS en W roH 03 J- 03 03 XCJO ..QCK WW ZW
—"Cm en Cu —H Oi "-04 Oh HHH W<i3«CW xz W03
EH«* w <S Eh OS W E-W V* S»> 3WWQ3 Eh sw
XC3 u E-i S3 03 a 03 03 ^ww Q5Q3Q34«. w EhW
CmW o «ft 04 W PjW W 1NQQ HW«H CmX U
ZEh Q3 CJ3 25 WEh ZEhWE-i v-**—
'
II WWCJ OEh ^-JH
HH Oi <S H COH HMCniH —»cncn ^UUH CN>
05 v» s i-303 03_303 en en en ^hHH^ WQ wu
EhCS 03 II E-I W3 EH3W3 XWW Q>>W az —^i
O w w O o EhUU .flUJU-IQ HW en -—
s
Z WEH u 25 z <oo WQU^ cnen xen*
U1H H EH 03 03 03-—~^n \ =nen
Cm i-4 03 > W Cm cncuai t^encnen * EHO 4W>4
H W3B w H H «*w* wencnw HEH ehcjoQ Eh Eh Eh cjpqwcj w sc enO«*
• «• *A • « * •» caaa mcjuo 03 'Sit* ¥»CiW
• •» Q E-t • • Q .. Q CjCuCM >OOC3 33 ZQ Ehcuos
o Z xo Z O Z ^-HEh WcsJOSOi • «» a <!< 03«*Q W CuCi W Q w EhDD ui2j^ w w 03W <!C3cn
23 BOO '-^WEH 03 U Eh C3 cnwH
MM. W Oife**^ cncjEHO 33 o XEH
tn cn Z03Q3 cnH33 0i • «k Q 03 wen ^-IHEh
h4fe h4 HOO WCJOjEh cn W CW XH EHH-<WH w —*hEh z CJOZ3 w u Eh xsen
03«<<! w OMHO u o CN EH aicnx
• * O03O3 X os^vw^ H Q3 cno3 zzQ Q3WW EH Oi EH 03 03 > CU J -3<C H«fl*
Z C-Oj WOO -M w J en '-,33\
W fcHOO h-3 03SHEH a • • r> ox 03 6h
o «* PMcn««a!«s: <# E-t uy At OZ ^ 33 tM«U3«i •» H-l ««! »-l OS 'JJ
cn H •.«+H<3WWQ H-J en en
Cm h-I 03O^ 05 Cn O-iZ U a * * W h-3














E-tS h z N











zcoOW\ HCm >Q3 CJ en w u
» * as O z en 3 s> z\ zo
* HW SgH 3 w H O* was
* 1 x oen PM CJ W w HCu
* 25 e-t Q3W \ M X o «cn EH
* * o O03 en * ^ H ujxencn z MQ3
* * zz O H w QSUWH w 03W
• «• * * "-H 03 03 » Q W ZCJ X 3EH
w * * CuO 3 H O wxocn H M
3 * # Q3 Eh W Qjcn E-t H xenasx WCG
OS * * WZ J CJW O w E-< CuE-t _» X3
g-l * # OH ,-JW o W 03 Q w o >-l
II
» * * * OS OQ3 wo X W H z>e-tH Q3Q ow
W * * zw W Ken 6-t 32 en wwenen oo E-tXp 3 * * OEh WX E-t en Ot XMX w E-t
- 03 * so N w 03 H w Hxsen ~-£ en
o EH * E-t HZ ens O 03 > CJ - QW QZW II * wen H03 o w W H oOEhH WW WW
cs * r- U OX z a* W Q HM HCJ wx z
** p * MM HH OH z CJ wo XH ZEH w
w a * H >H EhW ZQ 3 w w >HZH Q> X
cj O * W wo H03 OO o 3= 03 W WO MM CJ » H
H W * > o< z HM Q E-t MQXX XQ •• HW
> Q3 * W EH MQ 3 W KHH3 u^-o WCJ ,«•»W *A * i-l QO Z eno X us X CJH en h WH Q
- W * ZCJ * O o O CJ EH OXSmCS >—mcj o> W
*-> u * s ow s en H w QQW eno 03W H
en H * O X Cuen en X *3 SSW<J£h w&*i no X
en > * 03 03W OH U CJ cqxWE-t cnej«» Q
w W * O w .« OCJ * w WCJ03O wow WE-t W •«•U Q * O MM w HO N * X wen s CJ03> ox X03
o ^ * as Xen ts 03 • • \ CJ en OCuH OCuQ CJW
05 V) * cu QQ3 H HO* z-^ E^enHo «»w enE-"W en eh
04 en * WH -3 H wo • *• * On z auu enxH *—
H
<* w * XW O HO HIT) en \ z w V»HW WOX en Q3
03 CJ * u H 3£H E-t(N w encjw CJOQ3 S Q ena
W o * * en E-i •—
*
O • • enenHH MO QW w
6- 03 * * t H SH HW H 03 «a:w>x Gt-iHl owx OH
E-t cu * * w—* Z OC4 OS S» o xcjwm 0*^H ZEhU OH
H * * * >z H 03S XH w rn OQ HWO hcj en QSO
s ZG3 * * MO OW HEh a X XD3 O «»S>CJ sw CuO
VJ U4UJ |«! * # EhH H OH 03 «» «* ejeuenz IXJH OH*t «»2 XH EH * * xen •-H 03 E-t h-i>-i H H Z - H >W CJWCQ 03
O EHf-l *9 * * U03 WO OiO >H H H XCJHS HCJ zen W
03 H CO * * WW 3U •
»
O O O CnHHO CHW H H Eh
H JE X * * xs» us (SMU HU Cm Cm CJ CJ ejes WH H
oen <« w H w-uz O CtOUHZ w Wa=M 03
aw M II •• ^t-t*»! z H i-i HHMM IX. Mt-t Je JB
6-t-al H HH w H H





W 3 HW o




p-r* r* r» r- p* r~»r* r~ P- r** r» p- p» r- c*» r* r> p- p*» r* p» r* r* p* p- r* p-- r- r» p- p- r- r- p- p- r* p- r*r»t^p-p^r^r*r»(^f^-
SDaSDSSDDaDDSDDaSDSDSSSDaaDDDDSDDDasaSDaSDaSSDSa
N w
* H\ z X
* H \ w \ X
CO OS * X *











X NSb z X OS a WH OQH OtO w \ H < z 3 w
«3JX otow X •* U-l At X
WQ- z X EH W wz en zo •
PS 35 w 2WH X o 3B«! 1*4 «ss
H 32 <3CU ,^» EH a XW X
CO EH a z OX EH w QCO z HQ z o<:HO DHW zQ Q zen -a; H w •-zn
EH —B, XJB «<«< W H <:w xcoz X • • ^-JH«<
W X MEH W X CO U ,»«. Q 03 H P" <-H
oco O X3 —PS H XO X <HW • •> --H^HW «: 33 - aw H QQ3 Q WhH _ + H ---WH
>« w HCOX WW 03 H «HOi «! ossh X H SO-*WH X coca HO o s W W CO** a M«C X U
OCOS » ow< XH w CO 03H 03 COZCu «s WX <3H
Wrf w HOW Q> z CO W n<i w H HX |
COQCB u ox WW z <5 cox w OSZ X zz -SO
CO O H EHCC CQ .» 3 Q3 MS o WHX w XW X »WXO > ZOiO O'-H o EH H O CO w os HH
uo« w W CO CO X Q WW > HW o OH MHO
OHCk Q COHH ^—VJOi W US w >xx H w «<3Z
cc<a •—
»
x«: CO Eh 3 X w Q WHH > •- Hro •«o o
CUXW WCH COWS o H >z *—
*
Q Z W03 z CO || r- COX
SIS CO •» CQHCO COUO H WW CO • OO aw w •«ffi ZW3
EhOjH CO EH XH • WOW CO t£ QX COO COH ^H X OHW + XSDO WX OO Z OXX U Eh WH cn H H II II H XHX
Q* O cjcu EH H3 OCuO * w CO OO cnOH COM xxz ixSHHH
ZZfH OZ XOOS XWH N X • » OO enz COS O wwx U CO
h«j: XH COOH CUH-^ u (JW SJ WHH wco o HHO woox
sz CUW OH:»0 »Da z—
.
HO QjW OXH Oz o ZZO xiritno
xxo WX W<*WH EhCmW wo * O"* y»H OH o<: o XXW OfNCMHOIH EhO WXO OEhCU enm \ ocn • OH asww XQS \o OOH W >
E-t EH XH ZW Q CUOO Ehcm HCOW HS ChSH CmH II OOCO «Aaa
<sw«: O.^ o<«w HO •«
»
in WEh OCO o w X WWW <5 WO
qsze: ZX EOXH XWH HW E^ HEX oz HCOZ XH w WHH CO US OnWHX HW x eheh OXH «SE *A H CQ h<: H W WH H HCO xoocn
0+ O WQ« <w h «o<t XH CO S<! was Z3Q> H<«5 z xww II WOH
OCOPu xo HXWE «HO EHEH X CO C5 EhH COZW HO X CQE-t>-< b3XHZZ o <5HHX o<c 03 •&* ZCJ3Z H zw H o ou o
W«a!H EhhJ W H03 hHH H <:^lh-l SH «<co * S o • » wwwz
xw *»JH ZZ Oi <W 5»H H Q3HO C0H 03 H CO w • a XX>H
EHSW 03 <G <: w • 03 Oi «4 O HQO Z«* HH03 z wo z 0«<- S
E wu sac/) WO HO 04 ZH <o cn< <J Ha w WCOWHWHO Uj &4HMH CM Q PHWX 03 WXCO X X «33tt4
MMtn O M o z hH
-H
HUJU b-i MS^I feH UJ •»! S
COM* o
* W * w w <: * W * w w XM \CO
























1. Defense Communications Agency Circular 310-D70-30,
DCS AUTODIN Switching Center and Tributary
Operations
. June 1970.
2. Defense Communications Agency Circular 370-D175-1,
DCS AUTODIN Interface and Control Criteria
,
October 1970.
3. Hartmanis , J. and Stearns, R. E., Algebraic Structure
Theory of Sequential Machines
. Prentice-Hall, 1966.
4. Intel Corporation, Intel 8080 Microcomputer Systems
User's Manual , 1976.
5. Intel Corporation, Intellec 8 /Mod 80 Microcomputer
Development System Reference Manual , 1974.
6. Intel Corporation, Intellec 8 /Mod 80 Operators Manual ,
1974.
7. Intel Corporation, 8008 and 8080 PL/M Programming Manual
,
revision A, 1975.
8. Intel Corporation, 8080 PL/M Compiler Operators Manual ,
revision A, 1975.
9. Intel Corporation, 8080 Simulator Software Package , 1974.
10. Joint Chiefs of Staff Publication JANAP 128(E), Auto -
matic Digital Network (AUTODIN) Operating Procedures ,
June 1973.
11. Madnick, S. E. and Donovan, J. J., Operating Systems ,
McGraw-Hill, 1974.
12. Renninger, J. F., Reduction of AUTODIN/NIDN Line
Disciplines to Programmed Control Logic , Naval





1. Defense Documentation Center 2
Cameron Station
Alexandria, Virginia 22314
2. Library, Code 0212 2
Naval Postgraduate School
Monterey, California 93940




4. Professor V. Michael Powers, Code 52Pw 2
Naval Postgraduate School
Monterey, California 93940
5. Professor Uno R. Kodres, Code 52Kr 1
Naval Postgraduate School
Monterey, California 93940
6. Captain Gordon E. Anderson, USMC 1
2125 Mountain Vista Drive
Encinitas, California 92024




Menlo Park, California 94025
8. Commandant of the Marine Corps 1
Headquarters, U.S. Marine Corps (Code CCPP-11)
(Attn: Major Beeler)









c.l The use of micro-




The use of microcomputers in DCS AUTODIN
3 2768 001 91485 6
n
DUDLEY KNOX LIBRARY
